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THE  OSTEOLOGY-  OF  THE  TRACHODOXT 
DINOSAUR  KRITOSAURUS  INCIRVIMAXIS' 


Discovery 

In  the  summer  of  1918  the  Royal  Ontario  Museum  of 
Palaeontology  organized  an  expedition  to  search  for  dinosaur- 
lan  remams  in  the  well  know-n  and  prolific  locality  on  the 
Red  Deer  river  in  southe .  n  Alberta.  The  party  was  fortunate 
in  the  discovery  of  the  skeleton  of  a  crcstlcss  trachodont 
dmosaur,  which,  on  being  removed  from  the  matrix,  has 
revealed  characteristics  of  sufficient  interest  to  warrant  a 
somewhat  detailed  description. 

The  specimen  was  obtained  from  the  beds  of  the  Belly 
River  formation  in  the  bad  lands  of  the  Red  Deer  river  which 
are  most  conspicuously  developed  in  the  vicinity  of  the 
confluence  of  Sand  Hill  creek  with  the  main  stream.  The 
skeleton  lay  at  an  elevation  of  116  feet  (aneroid)  above  the 
rner  at  a  point  about  two  and  a  half  miles  above  Happy 
Jack  ferry  and  a  mile  south  of  the  river. 

The  animal  fell  or  was  washed  by  the  waves  on  a  sloping 
shore  of  sand  which  had  a  general  trend  of  N.3()°\\'.  This 
ol.l  shore  is  now  represented  by  a  bed  of  sandstone  con- 
taming  numerous  hard  concretions  of  clay  ironstone.  The 
body  was  extended  in  a  general  direction  of  N.3°W.  with 
the  limbs  towards  the  water,  i.e.,  north-eastcrlv.  Waves 
from  the  open  sea  very  rapidly  buried  the  skeleton  in  white 
sand  which  has  become  an  extremely  hard  sandstone  showing 
pronounced    cross    bedding    which    dips     30°X.6o°E.       So 

'KRITOSAURUS    INCURVIMANUS,    Parks,     Transactions    Royal     Society     of 
Canada,  Third  Series,  Vol.  XI 11,  Sect.  IV,  1919. 
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rapid  was  the  ciitombnu'rit  that  the  collapse  of  the  trunk 
was  prcented,  the  ribs  of  the  two  sides  and  the  two  sternal 
Ixin^s  being  embedded  in  normal  position.  The  bones  of 
the  right  or  under  fore  limb  also  lay  in  normal  position  with 
the  palmar  surface  of  the  manus  upwards;  the  right  or  ujiper 
linil)  had  so  sagged  at  the  elbow  that  the  radius  and  ulna 
occupietl  a  ix)sition  at  70°  to  the  horizontal,  with  the  manus, 
also  with  the  palmar  surface  upwards,  lying  on  the  sub- 
stratum at  the  same  le\-el  with  its  fellow. 

Some  disturbance  of  the  bones  of  the  hind  limbs  was 
brought  about  by  the  action  of  waves  before  entombment 
was  effected,  the  left  fibula  together  with  some  of  the  meta- 
tarsals and  i)halanges  being  washed  a  short  distance  out. 
The  right  limb  was  less  disturbed,  only  the  lx)nes  of  the  pes 
being  somewhat  scattered. 

Since  the  time  of  entombment  the  sandstone  has  become 
very  hard,  almost  flinty  in  places,  and  a  thin  film  of  clay 
ironstone  has  formed  over  the  surface  of  some  of  the  bones. 
At  the  time  of  discovery  natural  erosion  had  removed  the 
overlying  rock,  bringing  about  the  exjxjsure  of  the  head, 
scapula,  femur,  ilium,  ribs,  and  transverse  processes  of  the 
vertebrae.  The  expensed  parts  were,  of  necessity,  injured, 
but  a  more  serious  loss  was  occasioned  by  two  small  water- 
ways, one  of  which  had  entirely  removtxl  the  anterior  bones 
of  the  head  and  the  other  had  cut  off  the  extremity  of  the 
tail.  Despite  these  imperfections  the  skeleton  retains  nearly 
every  feature  required  for  detailed  description,  the  posterior 
caudal  vertebrae  being  of  slight  anatomical  significance. 

Owing  to  the  hardness  and  shattered  condition  of  the 
rock  and  the  great  thickness  of  the  blocks,  the  specimen  was 
unusually  difficult  to  excavate  and  required  two  years' 
preparation  in  the  laboratory.  As  the  upper  or  left  side  was 
seriously  injured  it  was  decided  to  prepare  the  specimen  as  a 
panel  mount  showing  the  right  or  under  side.  Before  pro- 
ceeding with  this  operation  the  head,  scapula,  coracoid,  and 
limb  bones  of  the  left  side  were  entirely  removed  from  the 
matrix;  in  the  final  preparation  these  bones  were  replaced, 
as  far  as  possible,  in  natural  position. 
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General  Description 

ft>.n,  which  it  „.;„  bo  difficult  orT^SiXr; .',;„r -r 

rate  high,  partially  separate  fctl  tKa  '  l^'     '•'"f' " 

Body  covers?  wJfh^Si^"        ''?'''  ""*  expanded  distallv. 
cu.aLTclS'ofrhnll^^^^^^^^   non-i.bricatin,.  tube. 

n.arr^!:;;£„:^^,^::;^--  -^^ci.en  shows  a 

several  points  of  difference  which  s^e'm  to^  ndL:;:,^;:^- 
speaes.     In   v,ew  of   the  considerable  degrer   f  ^■X?on 
knou^  to  occur  in  individuals  of  the  same  spec.Vs  of  chnTslur 
he  present  detailed  description  would  scarcely  tSd 
or  the  sole  purpose  of  erecting  a  new  and  somewhat     cult 

beenTeSib;^'  a'nV''  "Tu"'  "'  '■''  «™"^  ^^  ""^  hhhmo 
oecn  descnbed,  and  as  the  specimen  shcnvs  practically  all 

to  twa'r^^re^T  '"  ''""!,^-";  '^'^^"'  ^^^'  clesc' iption  sLm 
to  be  uarranted  for  generic  differentiation  alone 

Jn  addition  to  its  yer>'  strong  resemblance  to  Grvbomuru. 

notalnhs  the  specimen  has  striking  affinities  with  A>£".L 

^^f^^ajovrus  from  the  Cretaceous  beds  of  Ojo  Abmo  in  nX 

'Ottawa  Naturalist.  Vol.  XXVII,  No.  n.  February.  ,9,4. 
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M»  xico.  This  form  was  {kscribt'd  by  Bamuni  Brown  in 
1910,  both  geni's  and  spttits  being  foiinfled  on  an  imperfect 
head  in  which  the  nasal  Ix,nes  were  absent.  The  generic 
description  follows: 

"Skull  deep;  muzzle  narrow;  frontals  short,  orbital 
portion  reduced,  barely  earning  to  the  border  of  the  orbit; 
nasals  and  premaxillaries  \-ery  long;  quadrate  elongate; 
quadratf)-jugal  short  antero-pf)steriorly,  completely  separat- 
ing quadrate  and  jugal ;  mandibular  rami  massive,  edentulous 
portion  dccurved;   teeth  spatulate  in  lower  jaw."' 

Browni's  specific  account  is  of  no  immediate  interest  as  our 
specimen  is  evidently  distinct  and  much  more  closely  related 
to  Gryposaiiriis  notabilis. 

Brown  maintains  that  Gryposaurus  and  Kritosaurus  arc 
identical  and  this  view  has  been  adopted  by  Gilmore,  who 
has  prcD.-"-ed  a  model  of  the  head  of  Kritosaurus  in  which  the 
arched  nasals  of  Lambc's  type  are  incorporated.  Owing  to 
the  loss  of  the  determinative  bones  in  the  anterior  part  of  the 
head  our  specimen  fails  to  be  of  value  in  differentiating  the 
two  genera;  in  fact,  the  only  means  of  decision  is  the  dis- 
covery of  a  more  perfect  example  of  Kritosaurus  novajovius. 
As  far  as  the  preserved  parts  are  concerned  I  should  ha\  e  no 
hesitation  in  ascribing  our  sjx'cies  to  either  genus  and  as 
Kritosaurus  has  priority  that  generic  name  is  used.  Should 
further  investigation  show  that  the  genera  are  distinct,  the 
greater  resemblance  to  Lambe's  type  would  necessitate  the 
removal  of  our  species  to  Gryposaiiriis.- 

Lambe  objects  strongly  and  with  \-('ry  good  reason  to  the 
use  of  Trackodon  as  a  generic  name  and,  consequently,  to 
that  of  Trachodontidae  as  a  family  designation.  He  prefers 
to  found  the  family  on  Leidy's  genus  Hadrosaurus  as  prop(?sed 
by  Cope  in  1869,  whereas  Trachodontidae  was  introduced  by 
Lydekkcr  in  1808.  The  genus  Trachodon  was  founded  on  a 
single  mandibular  tooth  but  Hadrosaurus  rests  on  far  more 
extensi\c  material.     Lambc,   therefore,  gives  the  following 

'Bull.  Am.  Mus.  Nat.  Hist.,  Vol.  XXVIII,  -Art.  XXIV,  1910. 
^Afur  the  examination  of  a  photograph  Mr.  Brown  has  assured  me  that  the 
sped  men  is  undoubtedly  an  example  o'  his  genus. 
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Gexer.\l  Description 

FAMILY  HADROSALRIDAE 

Sub-Family  Hadkosairiwe  <r„A  r      •,     c 

Ki.NAE  Suh-Faniily  S.vi  roloi-hinae 


fJrypnsaurus,  Lambe,  Billy  River 
Eclmoniosauriis,  iuwAc,  E.lmonton 
Kntosatius,  Brown,  Tncertain  horizon 
tiaosaurus,  Marsh,  Lance 
Diclonius,  Co^^,  Lance 


Stephanosaurus,  Lamhc,  Belly  River 
Prosaurolophiis,  Brnun,  Belly  River 
Cor\thosauriis,  Brtm,i,  Belly  River 
Saurolophus,  Bn,ii„,  Edmonton 
C  heneosaurus,  Lambe,  Edmonton 


J         .,  -.  ■^"'"■'■-,  oumonion 

Order  Dinosauria 

Si,:>order  Predentata 

Family  Trachodontidac  or  Hadrosauridae 

Snb-fam,ly  Trachodontinae  or  Hadrosaurinae 

(^enus  Kntosaurus  or  Gryposaurus 

niantlil.  :l.-,r    twh      le  T,f'      "t    ?  P""''''""..,  „f  the 

■Ottawa  Xaturaliet.  Vol.  XXI,  No.  ,i.  p.  ,3,,  ,9,8. 
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rato-jugal,  llu-  failiin-  of  an   iniarj^'ination  on   thr  anterior 
fdgf  of  tlic  orhit,  and  liy  tin-  t,'iiurally  smaller  size. 

The  head  is  a])i)roxiniately  2  feet  t,  inehes  in  iinj^th;  the 
thirteen  cer\ieal  vertebrae  ineasuri-  t,  fi-et  6  inelus;  tht 
sixteen  dorsal  xcrtehrae  extend  5  feet  4  inches;  the  nine 
sacral  vertehrai-  account  for  2  feet  6  inches,  and  the  se\  enteen 
caudals  (all  that  are  ])reser\(  fl  1  U  >r  4  fi'it  2  inches.  The  total 
length  \vas  probahly  about  27  fi'ct.  The  tlrawing  (Plate  l) 
shows  the  \arioi:s  i)arts  of  the  skeleton  in  the  position  in 
which  they  lay  in  the  (juarry  except  for  necessary  adjustment 
in  the  case  of  some  of  the  bones  of  the  hind  feet.  No  restora- 
tion has  been  attempted  beyond  the  dotting  in  of  bones 
where  required  to  show  the  association  of  others.  The 
photograph  (Plate  II)  shows  the  skeleton  as  mounted.  The 
position  of  the  head  has  been  altered,  the  pose  of  the  limbs 
slightly  changetl,  and  a  few  missing  phalanges  of  the  pes 
rest<ired. 

Thi'  relationships  of  the  species  as  indicated  by  the  head 
ha\e  already  fn-en  briefly  reviewed.  The  skeleton  shows 
clost  r  aftinities  with  Claosaurus  annectens  than  with  any  other 
crestless  trachodont  of  which  the  Ixjdy  has  been  described. 
The  skeleton  of  Claosaurus  annectens,  mcnmted  in  the  I'nited 
""frtates  National  Museum,  measures  26  feet  3  inches  and  the 
estimated  length  of  our  specimen  is  27  feet.  It  may  be 
concluded,  therefore,  that  the  animals  are  of  essentially  the 
sami-  size.  The  fore  limb,  however,  is  relatively  longer  than 
in  C.  annectens,  the  humerus,  and  radius  and  ulna  being 
one-fourth  greater.  In  the  hind  limb  the  femur  is  about 
equal  in  both  species  but  the  tibia  and  fibula  are  1.07  the 
length  <jf  the  corresponding  Ixjncs  f  C.  annectens.  The 
same  relationship  is  observed  in  the  third  metatarsal.  Disjjite 
the  greater  length  of  the  limbs  both  the  pectoral  and  pelvic 
girdks  are  lighter  in  our  species.  The  scapula,  ilium,  and 
ischium  are  distinctly  shorter  but  the  prepubis  is  longer, 
narrower,  and  of  ver>-  different  shape. 
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fcaliirc  in  6.  iiotabilis.  It  is  chii-fly  on  this  acnmnt  that  llu- 
prcMiii  sjM'ciis  is  regarded  as  distinct. 

On  the  lattral  aspect  of  the  nasal,  70  mm.  in  front  of  the 
sutiirr  with  the  prefrontal  and  45  mm.  below  the  superior 
niar^'in,  there  is  a  small  foramen  dincted  inwards,  upwards, 
and  l)ack\\ards.  Five  millimetres  alx)ve  this  opening  there 
is  a  smaller  and  less  a)ns]     uous  foramen. 

The  lachrymal  (L)  is  a  >mall  Ixme  forming  about  half  of 
the  anterior  border  of  the  orbit;  it  is  Ixmntled  alx)ve  by  the 
prefrontal,  su])ero-anteriorly  by  the  premaxillary,  below  for 
70  mm.  by  the  jugal  iMisterifirly  and  for  30  mm.  by  the 
maxillary  anteriorly. 

The  premaxillary  (Pm)  is  represented  only  by  its  po  terior 
iiid  which  lies  between  the  lachrymal  and  the  nasal  with  a 
broadly  overlapping  suture  on  the  latter  bone. 

The  prefrontal  (Prf)  forms  the  antero-superior  part  of  the 
orbital  rim;  it  is  separatefl  from  the  postfrontal  by  a  slight 
supraorbital  notch.  Intero-laterally  it  is  in  clear  sutural 
union  with  the  frontal  and  the  nasal;  inferiorly  it  meets  the 
lachrymal  which  it  seems  to  overlap.  At  tho  superior  anterior 
angle  of  the  orbit  there  is  a  slight  groove  on  the  external 
aspect  of  the  bone.  Below  this  groove  and  15  mm.  above  the 
suture  with  the  lachrymal  there  is  a  very  small  project-on 
towards  the  orbit  below  which  is  a  slight  concavity  in  the 
orbital  rim.  This  may  represent,  in  a  negligible  manner,  the 
distinct  emargination  on  which  Lambe  places  great  stress  in 
his  description  of  Gryposaurus  Kotabilis. 

The  frontal  (¥)  meets  its  fellow  in  a  slightly  sinuous 
suturi'  on  the  median  line.  Posteriori^'  it  is  bounded  by  the 
parietal  to  a  point  almost  half  way  acrf)ss  the  supratemporal 
fossa;  here  it  meets  the  postfrontal,  the  suture  with  which 
rims  ffirward  to  the  supraorbital  notch.  The  frontal,  there- 
fore, is  excluded  from  ihe  orbital  rim  except  at  the  very  base 
of  the  notch.  The-  :  is  no  indication  of  a  small  supraorbital 
in  tnis  notch  as  suspected  by  Lambe  in  the  case  of  C.  notahilis. 
Fn  m  the  notch  to  the  fronto-nasal  suture  the  frontal  is 
bounded  laterally  by  the  prefrontal.  The  superior  aspect  is 
slightly  c(-ncavi\ 


'  f^P'iL"?WPr?%;' 
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Internally  it  nnUs  tl      ,  -    '.     ,  '•"'  ''*"^'^  ^V'"l>*"-^'1  ^'rcacl.. 
which  passes  clnwnwars  a    nl/?.'  '■7  "'•■'■«"'="■  ^"-  ■>-^' 

frcmtai  passes  imi?lrlfr:        '         .   "'*'  '"''"■^"  ^^'"t''   t'l'" 
orbital  notch      Vark   tu      h" '','  '";'  ""'^^^""''^  »"  ^^c  supra- 

fomu.,  by  a  desa^^n  ;  r^r  ;}^  j^Y  '^"f  t^^  ''''  '^ 
stc.uter  than  the  ascenclinir  nr  '        /  /"'"  '''^'^''^  '^  '""''^ 

a  distinct  concav   V     n    fh  '  ^'■""'  '^'^  J"^'^'-     Thc-n-  is 

superiorly.  The  s  t'.nwith  h""'"  "''^'''^  ^^^  '^is  oroeess 
it  seems  to  cross  h  ar'V  •  '"^""TT^  ''  ""^^"'"t^'"  ''"^ 
aspect  and  to      n  sh-  n?lv   r  '  '''T^'''^^'  ^"   '^'-  «"IX""or 

iat..d  as;,ect  .^1"  ^■J::::::i:,^f  '--''-'^  -^'^^ 
sha^.S7X' ;r:u;;i;:j:"'"^i""^  -^^  — •  -d 

surface  of  the  sku  i  i  >^"sun^  '''"■"'  ^'"'T'-  ^"  ^^^"  "I^I>^''- 
latc-rally  it  joins  the  i^tf  .""';'"  ""'^'^'^^  the  frontal; 
guIarly^io.l-ards  .crih™^^^^  P--'^  -re- 

of  the  supratemporal  fL  T^f  ,  '^  ?"''^""'"  '^'"^^t''- 
bounded  by  the  orhit^tnhf".  ^"^^'.""'"'y  the  parietal  is 
(?)  posteriorly.'   Tl  e'   t^^^^^^  -d  by  the  prootic 

almost  on  the  median  lin.n  Y  squamosal  seems  to  be 

posteriorly  in  a  na  r^  nt  '^X  h7""'f  '"^  ^^^'■'"'"''^^^ 
united  parietals  which  separate  '  fh^,"^^^'^"  ^^'"-^t  of  the 
fossae  bifurcates  antenV)rK   md  enth  .  ^    ^"P'-^temjx.ral 

around  the  intero-anterioj  ^'l^rf^t'fotXT"^"^^ 
clearly  marked   triangular  area      it     /  ^^us  formmg  a 

junyionoftheparieta'switrthe;;:';.;,?"""  ^'"^'^  ^^   ^'^^' 

abo:^;n:rz:le^l^.hoTof^^  r^-^^^^  ^^  ^--^^^^ 

temporal  fossa.     Posterio  h    h       ^""'"'T'"  ""^  "^  t^^'  ^^P'"''*- 
the  nuchal  clepr.^ss    n\vh    '  ""'  ^''"'"^^  "'^''^=P^'>'  '"to 

small   supraocc  pita       From     J'^V"  '•T'"''*^^'  ^^^'^^  ^ 
depression  the  ix,sterinrn?     •         ''''^"  '''^'"  "^  ^J^^  "uchal 
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fans.  The  siitiin-  with  thr  ixoaipital  which  forms  the  inner 
side  of  this  process  is  very  clearly  marked  l>y  a  distinct 
depression.  Laterally  there  is  a  deep  cotylus  for  the  head 
of  the  (juadrate  in  front  of  which  a  sjuir  •  xtends  dowiivards 
a  distance  of  oo  mm.  from  the  rim  above  the  cotylus.  From 
the  end  of  this  spur  t(  the  suture  with  the  postfrontal  the 
inferior  margin  of  the  sqiiamosiil  is  deeply  concave  md 
forni'..  the  iii>per  jjosterior  rim  of  the  jjostorbital  fossa. 
Externally  and  alxjve  this  rim  (he  squamosal  is  concave  and 
in  the  concavity  lies  a  forward'y  directed  prf)cess  which  is  in 
close  contact  with  but  ai)parentlv  not  united  to  the  outer 
surface  of  the  scjuamosal. 

The  quadrate  (Q)  is  a  very  long,  shaft-like  Ix^ne  with  an 
anterif)r  wing  for  union  with  the  pterygoid.  It  is  slightly 
curved  upwards  and  backwards  and  is  excavated  on  the 
antero-Iateral    margin    for   union    with    the   tjuadrato-jugal. 

The  lower  end  is  evenly  roimded  for 
articulation  with  the  mandible. 

Thv  quadrato-jugal  (Qj)  (Fig.  1)  is 
a  small,  triangular  Ixmc  terminating 
alx)ve  in  a  thin  acute  angle:  it  is 
set  into  a  distinct  excavation  on  the 
antero-ext  mal  side  of  the  quadrate 
and  is  overlapped  anteriorly  by  the 
jugal  which  is  almost  if  not  entirely 
out  of  contact  with  the  quadrate. 
In  this  respect  the  present  species 
more  closely  resembles  Kritosaiirns 
vovajovms  than  Gryposaurus  notabilis. 
The  external  surface  shows  radiating 
lines  of  growth ;  the  anterior  edge  is 
very  thin;  the  jxisterior  edge  is 
thicker;  the  interior  posterior  sur- 
face is  hollowed  where  it  fits  into  the  depression  in  ihequadrate. 
The  ;«?a/  (J)  is  a  long  cur\ed  bone  with  a  marketl  down- 
ward turn  o\-cr  the  coronoid  process  of  the  mandible  and 
with  a  slender  ascending  process  which  forms  the  lower 
part  of  the  postorijital  bar.     It  broadly  overlaps  the  quadrato- 
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incumn«  of  th. al^-o^.r  nuS^s  L  ,'^^^^^^  ^    ^^'^ 

intin.al  tc.  the  outtT  fact-  ,.f  the  iL  I      Th  ,  """• 

riclgc-  runs  backwards  on    he  .item. I  f     '  ?"'''  ''"^''^^'''^t 

«igeofthesut,,rewithtLhma?T^^  ^T /T  '^''  '"^^" 
bc.ne  Rrt-atly  increas  i  in  h/  k.  •  ^"'"^  *'^  ^^''^  ^"^"'•'-  the 

thelachryma  aW      !?.^^''f  .^"^^  1«  '"  ^"tural  union  with 
is  not  shown  ^^''  relationship  v^^th  the  premaxillary 

of  this  and  a  lit  ic  hTh  l    n  \u     y"'"'"" '  ^''  """'■ '"  ^'■""t 

Nine  max   hrv  t,  Of  h'  '^■''  ^""'  '^'"''-^  '"  the  phite). 

iMin    maxillary  teeth  appear    n  a  distanro  „r  /;4 
Their  structure  is  not  well  si  own  hut  fh  ^'7  uim. 

the  ordinary  carinate  tvT«.      T>,      i      •     ^'  ''''f'*'"'  ^"  ''^'  "* 

laterally  i»  alJltcmaL  """"  ""'  '"™"'™  "»*>■'""■ 
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(lin(i<«l  niitwaids  and  Wackwanls.  AIk)vc  llnsi'  stnictuns 
thr  Iniix-  has  a  piilar-Iikc  apptarance  for  a  s-hort  distaiUT. 
Tlu'  inmr  surfart'  of  the  j'lllar  is  contiininus  with  thf  inner 
and  uppir  surfaces  of  the  articular  tulMTo^ities  nientioni<l 
alxiVf  and  continues  evenly  inwartls  and  forwards  to  form 
the  lower  half  of  the  I  iteral  fxmntlary  oi  the  escutcheon- 
sh  ped  foramen  ma^muni. 

AlH)ve  the  pill...--like  jxirtion  the  Inine  may  Ik-  resolved 
into  two  ascending,  expanded  elements  which  are  continuous 
with  each  other.  The  inner  of  thesi-  rises  from  the  pillar, 
passes  for^vards  and  upwards,  and  then  ^tron^ly  upwards  an<l 
ijackwards  terminatinjj  in  a  sharj)  ritiKC  ilK)ve  which  is  a 
suture,  in  all  probability  with  the  supraoccipital.  This 
section  forms  the  ui)per  half  of  the  Ixinler  of  the  foramen 
magnum.  alK)ve  and  outward  from  which  the  Ixme  is  slightly 
but  distinctly  concave. 

The  outer  ascending  section  expands  alx)ve  the  pillar-Hk<. 
part  and  turns  outwards  and  downwarils  to  form  the  postero- 
internal surface  of  the  prominent  paraoccipital  process. 
Superi(jrly  this  part  of  the  Ixine  is  greatly  thickene<i  and  forms 
a  prominence  jxjsterior  to  the  squamosal  frf)m  which  it  is 
separatefl  on  the  suix.'rior  asjx^ct  of  the  head  by  a  conspicuous 
open  suture. 

The  relationship  of  the  basioccipital  to  the  bones  of  thi 
temporal  region  is  very  doubtful  as  no  actual  sutures  can 
be  seen,  and  the  surface  of  the  bones  is  abraded  in  places. 
The  coalesced  (Kcipital  Ixjnes  ai"  in  contact  with  the  prootic 
above  and  possibly  with  a  lateral  ascending  process  from  the 
basisphenoid  below. 

Outwards  from  the  anterior  concave  part  of  the  under 
surface  (.f  the  basioccipital  is  the  usual  well  developed 
descending  tubercle,  the  basioccipital  tubercle  (Boc.  Tub.>. 
On  thi'  lateral  aspect  of  the  Ixme  alxive  the  tubercle  is  a  small 
slit-like  aixiture,  probably  for  the  passage  of  an  artery. 
Above  and  behind  this  is  ^  sub-triangular  foramen  for  a 
brand,  of  the  twelfih  nerve.  Hehind  this  ojK'ning  should  be 
a  foramen  for  the  second  bni'ich  l)Ut  the  condition  of  the 
bone  prevents  its  recognition 


W^W\ 
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In    front    of   ih,-   hasiorripital    tul.rnl<     tlurr   is    i   „r, 

urtnmatii.K  ..t  a  (..ram.n  f.,r  lurv.s  fX  ,,,  XI      \,.   utii.l 
suture.  ,«  to  Ik.  s...n  in  this  ,lc.,,n  .s.i.,„  Un  it  i  \  .kk<M  i   ,    * 
U^may  n-pn-s...  tlu-  lin- of  union  Lh...,.  tlu  h      !      ^  ^ 
and  an  aM-.tulniK  pro<rss  nf  ,I„.  (.asi.plunoi,!. 

Ihc  supmoaiMtiil  is  a  small  In.n,  forminLj  the  ||...,r  „l  ,h.. 

hin  ascuuluiK  "nu-r  flanK,-  <'f  th,.  rx.,.-,  ipit.,|s  and  it    d,  i  s 

aurally  aKatnst  th.  tluVk.-ncl  np.Hr  part 'of    lu         J    ,  ',: 

Hit  no    raa.  of  a  .utiir,.  is  to  U-  <.!,s..rv..d.     Ant.rior  Ith. 

brnu- ,s  ,n  contact  with  the-  sc,ua,nosals  and  ,.;.  u.. h^^ 

union  \tntrally  w,th  flu-  hasiocnpital  is  tntirdy  ol.scund 

superiorly  with /he  pro^.i^^rlil^  ^nV  n;n;::;i;;':fTh 

union  ,s  a  shght  crease  which  runs  do„-nwa  "u    l.^?! 

z:^tT:^tuT^ '' ''"  '^^'  --- 1-  ro:i;^:^t 

rnort   i.,  a  stout  rod-hkc  process  exfenelug  down"ards  and 

'rr'"-'"J^''  ''^^•'■>K"''i;  this  is  the  iMsfpt'r  V     i  proais 
of  the  hasisphc-noid  (l).p.).    \iewcd  frr.m  f  \u-    '''^'"'^^ 

iminfnmc  'il  ■       I  r  Mi%M(i  irom  tiic  itar  this  i)rocess 

xTrtr-ilv  th;.""'"'''^^'  '-^''J'-'^'-''^"-'--     In  the  midline  ,x,stcro- 
ward^,  and  l)ackwards  to  the  pterygoids 

I  he  proonc  shows  a  distinct  suture  abc  vv  with  the  ,,ari.tnl 

fthe  h  tlnenV  l'  V'^'''  'l^f}"^y^^y  to  tlu-  large  foranu.^ 

tni    Mth  ncr%e  hclow  which  it  is  lost.     Posterior  to  this 

oix-ning  the  hone  has  the  npix-arance  of  a  r  n  gl    n  r 

between  the  foramina  of  ner^-e.  X'  and  nerves  IX' X        The 

pre)cess  of  the  hasisphe^noid  is  conjectural  only. 
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I  he  orbitosphcnoid  (O.sp)  is  a  large  and  irregular  element 
suturally  united  alxne  with   the  parietal  and  i^)stfrontal- 
It  forms  tile  inferior  part  of  the  anterior  boundary  of  the 
supratemporal  fossa  and  extends  downwards  in  the  rear  of 
the  orbit.     A  sharp  plication  of  this  downward  extension 
forms  the  posterior  l)order  of  the  orbit  in  this  region.     There 
IS  a  broad  superior  extension  anteriorly  which  is  in  union 
with    the   prefrontal   above   and   with    the   presphenoid   in 
front.     The  inferior  sutures  are  all  uncertain.     In  Plate  III 
a  suture  with  tiie  parasphenoid  is  faintly  indicated  but  this 
"T  a?i  ^*''  '■^'S^'i'-ded  as  at  all  certain.     From  the  foramen  of 
the  hfth  nerA-e  downwards  and  forwards  is  a  distinct  parting 
with  the  upper  portion  o^•erhanging  the  lower:  this  is  possibly 
but  not  certainly,  a  suture  with  the  ascending  process  of  the 
basisphenoid. 

The  foramen  of  the  fifth  nerve  is  a  large  opening  on  the 
p<)sterior  border  r,f  the  bone:  it  is  continued  forward  as  a 
distinct  groove  on  the  outer  surface.  The  foramen  of  the 
fourth  ner%-e  enters  the  cranium  from  the  rear  of  the  orbit 
nearly  on  a  lexel  with  the  above  groove.  Immediately 
below,  at  the  union  with  the  parasphenoid,  is  a  larger  fora- 
men tor  the  third  ner\-(>. 

The  arrangement  of  the  bones  in  the  anterior  part  of  the 
sphenoidal  region  seems  to  differ  in  several  respects  from  that 
of  other  members  of  the  family  which  ha^x^  been  figure! 
Extending  fonvarrl  from  the  foramen  of  the  third  nervc^  is  a 
distnict  vacuity  which  separates  the  parasphenoid  from  the 
orliitosphenoid  and  the  presphenoid.  Ab.nv  this  vacuity 
on  tlie  intero-inferior  margin  of  the  forward  extension  of  the 
or!)itosphen(nd.  is  a  fairly  large  foramen,  probably  for  the 
second  nerve.  Alxnv  this  opening  is  a  narnm-  longitudinal 
grom-e  passing  p.-steriorly  into  a  small  foramen,  probablv  for 
a  hiood  vessel. 

The  parasphenoid  (Pa.sp.)  extends  forward  from  the 
has.pterygo.d  i)rocess  of  the  basisphenoid;  its  inferior  margin 
IS  shghtly  concave  as  is  also  its  outer  face.  Anteriorly  the 
bone  cuvides  into  a  long  inferior  and  a  shorter  superior 
process.     Above,   as   already   stated,   it   is   separated    by   a 


Head 


19 


future,  its  antc'oi'iri:*'^^''™;";  'tl";  "f^?/"^ 
mfcnor  margin  is  tonguc-sliai^d  and  "  sepLtl  ?  ^t' 
parasphcncl  by  tl,e  vacuity  ilroady  refcrre^H.,  '""  "" 

consisting  esSntia  ly  of  „ur 'nans"?"''';'^  • '^^ ^  ^""^' 
expansion,  a  posterior  xLtZ  ^""'^^-^  P"stenor  horizontal 
portion   c;nn^S  "^ith   the    '''P^r'""'  ^"  ^"t-'"-"  Palatal 

process.  The  hoHzonta,  r^steTS  evnan "'  '  '^'"""^'"^' 
meets  its  fellow  in  the  mlHHnT       .  V'^P^"'^"'"  •«  quite  thin, 

trends  outwanlsld  bS"!^,"^  "'  ^"^''""''  '"'"^  "-''«- 
rate.     Between  the  centra    and  hi      1"- T  •'"'^'^  ^^^^  ^'"^J" 
the  basisphenoid  it  archelltv"!      "'f    '"•^T'"''  P''"^^'^^^'^  °f 
sion  at   the  Point   o     ,n  oTl "tt^t  jl"^ 
pterygoid  process).  ^'-  '''^'''■''''  P-'^^cess  (basi- 

wing^lrsritrvl^x;' rr  ^'^^^^--  -^^-' 

outwards  overlapping  inte^a  1     tif"''""M  ''T^^™"'^  ^"^^ 
of  the  quadrate.  '"*^"'a">  the  forwardly  directed  wing 

as   ^':Zi::ZS't^tT^  ^^?  "^;^  '-  differentiated 
maxillary    that     i    sutur.     r  '■''"'''^'   ^PP'''^'^^  t"  the 

This  pa^tal  r^^Uo^t^.  Zl^^^e^l  ';t^^^'^-    --' 

of  the  other  side  ""''''  ''^^'  ^-^'rre-^ponding  bone 

i^  a':;;:;!:;:;;^;rpr!;ei:  whiii  ^'^'  ''^'-''^'  r^-^''-^  p--- 

endofthe„u.^L,^^;:^^^™--;'aP 

plate  to  form  a  1  ulm>  ,.„„,.„  v       r        ^^  "'^^'^^''^^'rizonta 

up,- „n«,.  ..r  t,:'^i;.:;rr„,';7;:;,i  ,;■•;:-'':;  »-'-• 

.  ,,ad,y  btoic™  and  no  .„,„,,,  ,,„  "-■|:;>0;,    ^r^^M-art 
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The  mandible  is  \-ery  robust  and  deep  and  is  strongly 
inflected  towards  the  alveolar  border  which  is  80  mm. 
internal  to  the  outer  surface  of  the  strong  coronoid  process. 
The  preser\-ed  portion  shows  that  the  dentary  was  probably 
deflected  anteriorly.  Its  suture  with  the  angular  follows 
the  inferior  margin  of  the  mandil)le  and  can  scarcely  be  seen 
in  a  lateral  view.  The  suture  of  the  dentary  with  the 
surangular  sweeps  downwards  and  backwards  from  the 
posterior  margin  of  the  coronoid  to  the  inferior  edge  of  the 
mandible.  The  suture  of  the  surangular  and  angular  follows 
the  inferior  margin  to  the  posterior  end.  The  articular  turns 
in  behind  the. foot  of  the  quadrate;  its  sutures  are  not 
observable. 

The  mandibular  teeth  (Plate  I\')  are  not  well  exposed  but 
they  seem  to  be  arranged  in  three  or  four  vertical  rows  with 
the  grinding  surface  highly  inclined  upwards  and  inwards. 
The  total  number  of  rows  is,  of  course,  indeterminable  owing 
to  the  loss  of  the  anterior  part  of  the  mandible;  se\-en  rows 
occur  in  a  distance  of  55  mm. 

A  fragment  of  the  mandible  shows  well  preser\'ed  teeth 
but  they  are  all  split  vertically  except  one  of  the  innermost 
series  which  must  ser\-e  as  a  type  tooth  for  the  species.  This 
tooth  is  18  mm.  long  and  5.5  mm.  wide  at  midlength;  it 
tapers  downwards  to  a  width  of  2.5  mm.  at  tht  root.  Up- 
wards from  the  point  of  maximum  diameter  the  tooth  con- 
tracts gradually  to  a  fairly  sharp  point,  the  actual  termination 
being  slightly  broken.  The  inner  enamelled  surface  shows 
the  usual  carina  which  is  quite  low.  Between  the  carina 
and  the  lateral  margins,  both  al)ove  and  below  midlength, 
is  a  ecntly  concave  depression  rising  to  an  exsert  edge. 
Abo\  the  middle,  this  raised  edge  carries  eight  small 
tubercles  which  are  fairly  e\-enly  spaced  except  at  the  bottom 
where  the  lower  two  are  more  closely  set.  These  tubercles 
look  distinctly  uV)wards. 

In  shape  thi'  tooth  resembles  that  figured  by  Brown  for 
Kritosaurus  novajovius;  it  is,  however,  much  smaller  and  the 
papillae  are  larger,  more  clearly  defined,  and  much  less 
numerous.     Moreover,  thi-  lateral  margin  is  slightly  raised 


Head  ^, 

Hau  a.  in  Browns  species.  With  regard  to  the  teeth  of 
Gryposaurns  notabilis  Lambe  says:  "The  teeth  are  of  the 
usual  trachodont  type  and  are  in  from  two  to  tb-^e  rows  i^ 
the  grinding  surface  of  the  lower  jaw.  A  satlhcto  v 
examination  of  the  inner  enamelled  surface  of   he  loe    teeth 

•nne":  deTh"  ^"^'•'''  '"'  '"  '''"  ''  ^^^^  ^^^^  seen  fron  "the 
inner  side  the  margin  appears  to  he  smooth  or  nearly  so  -. 

In  cross  section  the  teeth  show  an  exceedingly  fine  radii! 
ossil  wood.     Towards  the  roots  the  teeth  seem  to  have  been 

bouT;  -  m' "'  Tf''^''  '■"  '  ^'■^""'-  -'-•-naceous  layer 
aoout  1.3  mm.  in  thickness. 

COMPARATIVE  MEASUREMENTS  OK  THE  HEAD 

(">ry[>os;iiiri!s        Kritosaiiriis 
_^__ "'^lahilis  inciirviiDnnrs 

Height  of  head  from  lower  edge  of  dcn.ary  to      ^''     '"'  ^'^     '"' 

highest  point  of  squamosal  „ 

Breadth  between  upper  rim  of  orbits    '    '  '  ,,  '     ■*■'  '"^'^  """' 

Height  of  quadrate ,  7     (ir»  mm.) 

Length  of  supratemporal  fossa '     t*  '      ' '/'■^45  mm.) 

Width  of  supratenifKjral  fos«a  ^'  ''■♦"  """'^ 

Height  (oblique)  of  lateral  tem,K.ral  fo.s. ,?3  !?  i  "'^  """! 

Width  (horizontal)  of  lateral  .cmporalfn.sa"'  1  '"/"/"""• 

Height  (obhque)  of  orbital  opening  ^S  j\  ^"^  """'^ 

Width  (horizontal)  of  orbital  opening ='  f  A«6omm.) 

Width_of  head  at  anterior  of  lachrvmals  ^  '  f? I ' '" "™- ' 

"" -" ^^^' ^iffiioomm.) 

\asal — 

Width  at  suture  with  frontal. . . 

Minimum  width  to  prefrontal  suture ^"  '""'■ 

Depth    (vertical)    t.   the  angle  at    .he   Junction  '  of '  premaxili;,       '""""■ 
lachrymal,  and  prefrontal  ' 

Lar^^:^  ''-'  """-  '''  •-  --■^•'  '-  ">-  'nf-tof  orbit  ;.  2  Z. 

Width 

Length 45  mm. 

Suture  with  prefrontal '""  "'"'' 

Suture  with  premaxilla "^^  '"'"• 

■  70  mm. 

■Ottawa  Xaturahst,  Vol.  XX\II,  No.  11.  p.  ,48. 
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PrefroHlal — 

l.t^nsth 

,,..  ,  ,                   142  mm. 

Width  on  suture-  with  lachninal ,-  „,„, 

iflth  above  orbit ,u  .,  „ 

Frontal-  3«  "".m. 

Length  on  midline .,,  „,„, 

....  ,  ,                                                                 / <^  niiji. 

\\  Kith  at  supraorljital  nof-h jj„  „,„, 

Postfroiilal — 

I-tngth 

„               ,   ,  175  mm. 

Bottom  of  descending  process  to  top , ,  ^  ^^i 

Horizontal  width  of  upper  temporal  arcade 22  mm! 

Vertical  width  of  upiper  temporal  arcade 25  mm' 

Outer  edge  of  upper  arcade  to  interparietal  suture 7'^  ,nni 

Parietal — 

Length  on  median  line  of  head ,  ,„  ,„,,, 

Width  at  suture  with  frontal •?■;  m- 

Width,  interparietal  to  orbitosphenoid  suture 5^  tnin 

Squamosal — 

Wiilth  from  suture  with  parietal  to  rim  above  cotylus  for  (juadrate  1 1«  mm. 

Posterior  rim  of  supratemporal  fossa  to  suture  with  exoccipital. .  .  60  mm. 

Rim  alwve  cotylus  to  end  of  paraoccijiital  procc-ss. .  .  12s  mm 
Quadrate— 

Length ,   . 

_ .  "          345  mm. 

Diameter  of  shaft  above  quadrato-jugal <is  mm 

Jugal — 

Total  length. . 

U  idt  h  below  orbit ,. 

\\  idth  below  [mstorbital  fos-^a ,„  _,^ 

If     .          ,                                                               "^V  »nni. 

nierior  edge  to  top  of  ascending  process ,=0  mm 

Basioccipital  and  exoccipital — 

Base  of  condyle  (vertical)  to  supraoccipital  suture 14,,  nim 

-Median  line  (horizontal)  to  end  of  paraoccipital  prccefi i;,o  mm. 

Median  descending  process  of  basisphenoid  to  posterior  extremity 

of  condyle  (horizontal) ,o„  ^,|,, 

Hase  of  basioccipital  tubercle  to  Nerve  IX-XI r.s  tiin,! 

Height  of  foramen  magnum ^o  ,,,„, 

W  idth  of  foramen  magnum ",  ,  ,„,,, 

Width  across  trifid  part  of  condyle '—  nun 

Width  of  main  part  of  condyle (V=  .,„„ 

C       1                        •        •         ,                                                                          '                                                   ''.J     111  111. 

•Supraoccipital — 
Length.  . 

Width..,.     3""""- 

,,  ,  .,       ,       . ,     72  mm. 

Urbttnsphcnoid — 

Total  length 

....                         1 1.5  mm. 

Height  measured  vertically g.  ,j||„ 

Edge  of  orbital  fold  to  posterior  of  foramen  of  fifth  nerve 53  mm! 
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\'KRTi;nR.\I.    COLIMX 
Parasphenoid — 

pJS-  '"'"  ''^="''*=^^«°''*  "---  '°  ---r  en,i .,,  ,„„ 

nasal ^steriorshm;n,idIino  ,o  .^,..„„.  ,.„;„,  „f  ,„.,,.  „.,„ 

Basipterygoid  process  to  anterior  <n,l  of  palaial  ,,r,rti.n  \l\  "'"'' 

Quadralo-jugal—  >n.u  ptinion   I65  mm. 

Total  length 

Total  width '■'"  "'">• 

Maximum  width  of  part  nol  overlap, „1  hV  ju'^l ^"  "'"'■ 

Maximum  thickness 40  mm. 

Mandible —  '4  mm- 

Height  of  dentary,  measured  vertically  from  inferior  to  alveol  .r 
margin "■>i"i,ir 

Extreme  end  of  articular  to  front  edge  of  coronoid  process  ..      .      ^I's  "Z'. 

Vbrtbbral  Column 

The  vertebral  column  is  divisible  into  a  cervical  region  of 

candor  7''''r''  ^^°'■^"'  "f  ^'^^^^"'  ^  ^--'•al  of  n  neS  a 
preserled    ""^^^^'''"'"^'^    ""-^er   of   which   seventeen   are 

The  a//a5  (Fig.  2)  consists  of  four  pieces-hypocentrum 
odontoid,  and  two  halves  of  the  neural  arch.     The  J  po-' 
centrum     (mtercentrum)     is    a  '^ 

rather  stout,  transversely  curved, 
ventral  bone  about  90  mm.  wide.'     -^5,, 
Theanteriorventral  edge  is  rather  ^L^r  s. 
sharp    but    th^    upper    edge    is   ^^Skii^*"Ni»-wP!r<^i 
excavated  for  the  odontoid .    The 
thickness  (ant-post.)  is  about  ^o 
mm.     The  posterior  face  fits,  "in 
a  smuou«  manner,  into  a  trans- 
verse   ventral     groo\-e    on    the 
anterior  face   of  the  axis;    this 
groove    is    deeper    towards     its   '''^- ^~An''"f ""'',''''''•  "«f" '^'"^' view. 

,,„,,„_„        X.  •"•«-iJ       Its  One  fourth  natural  size, 

upper  centre.  a,  centrum  ,.,  axis-,  b.  par.p„ph.s,s  ofax.s- 

The  odontoid  fits  into  the  -"^?^'-- '> -'^"^:''^'.:^ 
curved  upper  margin  of  tne  hypoc^^lT^nT  measures  6- 
mm.  transversely  and  rather  less  vertically,  m  an  erior 
face    shows    a    rounded    ventral    margin    but    the    bone   i 
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distinctly  concave  supcro-antcrioriy.  The  jjostcrior  face  is 
nf)t  well  shown  hut  it  stfms  to  he  slightly  convex  and 
to  al)Ut  aj^ainst  a  forwardly  directed  convexity  situated 
on  the  anterior  face  of  the  axis  ahove  the  groove  for  the 
hyi>)centrum. 

The  neural  arches  surround  the  superior  part  of  the 
odontoid  and  almost  ti-uch  the  hypocentrum.  Each  arch 
measures  92  mm.  \ertically.  The  main  hasal  part  is  40  mm. 
long  and  20  mm.  thick  near  the  lateral  line  of  the  column; 
it  slopes  forward  to  a  rather  sharp  edge  and  upwards  to  the 
maximum  height  of  the  spine  which  is  well  forward.  The 
superior  edge  slopes  down,  hack,  and  slightly  outwards, 
71  mm.,  to  a  pronounced  point,  the  postzygopophysis,  which 
f)verlaps  the  stout  prezygopophysis  of  the  axis.  From  this 
point  the  posterior  margin  is  slightly  conca\-e  and  extends 
outwards  40  mm.  forming  a  stout  diapophysis  30  mm.  long 
antero-posteriorly.  The  two  halves  of  the  arch  touch  at 
the  summit  hut  diverge  posteriorly;  it  is  impossihie  to 
say  whether  or  not  there  is  a  real  union  at  the  point  of 
ontact. 

The  centrum  of  the  axis  (Fig.  2)  is  70  mm.  long  on  the 
lateral  line  and  78  mm.  long  on  the  ventral  line:  it  is  strongly 
opisthocoelous  hut  the  anterior  face  is  relatively  flat  with  a 
transverse  infericjr  groove  for  the  hypocentrum  of  the  atlas; 
this  groove  is  deepest  in  the  centre  hut  ahove  the  depression 
the  face  of  the  centrum  extends  forward  in  a  con\-exity 
which  seems  to  he  in  contact  with  the  odontoid.  Rather 
low,  and  well  forward  on  the  lateral  aspect  of  the  centrum,  is 
a  large  hlunt  process  or  parapophysis. 

The  neural  arch  is  very  large  and  extends  into  a  plate- 
like spine  125  mm.  long  postero-anteriorly  reaching  forward 
hetween  the  arches  of  the  atlas  almost  to  the  summit  of  the 
si)ine.  A  slender  diapophysis  occurs  in  the  usual  position; 
from  its  hase  a  strong  ridge  runs  hackwards  and  upwards  on 
the  plate-iike  spine  and  terminates  in  a  pronounced  point 
in  the  supero-latero-posterior  position.  This  point  is  50  mm. 
from  the  posterior  end  of  the  spine  proper.  Thirty-eight 
millimetres  helow  the  point  is  a  well  developed  postzygo- 


Vertkhrai.  (  oi.r.MN 

and  spine  is  ,6„  „„'"'"■      '  I"-  """l  hi'Sht  of  centrum 
The    remaining 

cc-n-iral    vertebrae 

(f'lRs.  3  and  4)  do 

not  differ  from  one 
another  except  in  a 
Kraduaiiy  increas- 
ing size  posteriorly. 
Tlie  third  \erteljra 
is  at  least  85  mm 


long;  It  IS  strongly  l^^m  Mn:."-,n^'T^lX^?;i;^f>^^^ 

opisthocoelous  and       /'T"  "^""-''^-  """^  ''''  ■^■•'- ""'  """"" 

correspondingly       f'/'^""'"*""'  "'• ''"'W'""'M,™;    c.r..  c«-r,v.;  „6; 

convex  anteriorly,  indicating  much  HtifnHo  ( 
There  js  a  lateral  foramen  in  the  centrum  Th  '"°^'T""'- 
•s  smaller  and  higher  ud  th\n  fh./  f  Vu  '".P''''^P''P'^y-'^'s 
^ygopophysis  is  stout  and^".  .„''^  'r""  ^''''-  '^^o  pre- 
zygopophysis  is  ver^  robust  anT  is  Vho'"'^"'-'  ''''  ^''■ 
part  of  the  arch;  it  is  direc  ed  on/  .  '"''''  conspicuous 
wards  to  a  length  of  80  r!  ^''^'"'^'•."P^''^''^^' ^"^^  f^'-^^k- 

facefte.     The  neur.I  snfn        '  """^  ^^''""^  ^  ^^''d^'  ^--t'-cular 
high.  "'"'  ''P'"^  '^  ^'^T  small,  not  over  18  mm. 

except'  fortmc'   ''"'"^'    ^'^^^^^^^   — ble    the    third 

details  of  measure- 
ment.   The  centra 

gradually  increase 

in  length  from  85 

mm.  in   the   third 

to  lof)  mm.  in  th-j 

thirteenth.  The 
diapophyses  in- 
crease from  40mm. 
in  the  third  to  uo  Pir   1   ^  ., 

mn,.    in    the   thh-   [  /^-"^^'^^'^n^Sar^--'  -- 

teenth.    measured   ^""^^'"'^ -'"-■^^^SS -'^^- -^^^^^ 
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in  a  slightly  ohliciue  diroction  from  the  h<ill()\v  in  the  centrum 
bftwct-n  thf  parajxipliysis  and  the-  diai).)i)hysis.  The  neural 
spines  are  i)<)inted  and  directed  strongly  backwards;  they 
mcr.ase  in  length  from  i8  nmi.  in  the  third  to  50  mm.  in 
the  thirteenth  vertebra. 

The  postzygopophyses  increase  from  80  mm.  in  the  third 
to  120  mm.  in  the  ninth  vertebra  and  then  gradually  decrease 
Ui  a  length  of  only  75  mm.  in  the  thirteenth  vertebra.  The 
measurement  is  from  the  lower  i)osterior  angle  of  the  neural 
spine  to  the  extremity  of  the  process.  In  the  jxisterior 
cervical  region,  where  the  curvature  of  the  neck  is  greatest, 
the  postzygopophyses  are  pushed  down  so  far  that  they 
appear  on  the  ventral  side  with  the  articular  facettes  (luite 
exposed. 

The  thirteenth  cervical  bears  a  much  larger  rib  than  the 
twelfth  and  on  this  account  might  be  considered  as  a  dorsal. 
On  the  other  hand,  the  fourteenth  vertebra  bears  a  strong 
postzygop<jphysis  like  those  of  the  cervicals,  whereas  that  of 
the  fifteenth  is  conspicuously  different.  The  distinctly  dorsal 
rib  of  the  fourteenth  prohibits  the  possibility  of  including  it 
among  the  cervicals;  therefore,  the  possession  of  a  very 
large  postzygopophysis  can  not  be  made  the  basis  of  division. 

The  dorsal  vertebrae  are  sixteen  in  number.  Owing  to  a 
parting  along  the  base  of  the  neural  spines  in  remo%ing  the 
skeleton  from  the  quarry,  and  to  the  necessity  of  leaving  the 
matrix  for  the  support  of  the  ribs  and  muscles  the  char- 
acteristics of  these  \ertebrae  are  only  partly  revealed.  The 
centra  increase  in  width  and  height  but  decrease  in  length; 
the  sixteenth  is  68  mm.  long  and  appears  to  be  amphiplatyan. 
The  total  height  of  this  vertebra,  from  the  base  of  the  centrum 
to  the  top  of  the  spine,  is  438  mm. 

The  neural  spine  of  the  first  dorsal  is  considerablv  larger 
than  that  of  the  last  cervical.  From  a  length  of  90 'mm."  in 
the  hrst  the  spines  increase  in  length  to  135  mm.  in  the 
second,  160  mm.  in  the  third,  210  mm.  in  the  eighth,  and 
230  mm.  in  the  sixteentii  vertebra.  The  first  four  spines, 
like  those  of  the  posterior  cer\^icals,  are  [xjinted  and  directed 
backwards;   the  fifth  and  sixth  are  less  ptjinted  but  still  with 
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a  lurkward  inclination;    the  soveith  i    n, 

and  u-ith  a  square  Um      a-.  ' '' '^'\ 'V"*""^' ^•■"t'«.  f'n.a.icr. 

sinu-Iar  t„  the    event    '^ndht   ?""'"^'  ''"•■"''  -^f''"-  '"-'• 
80  mm.  *'"''  ^'''"'  '^"  ^v^-raKe  width  of  about 

pn>^t:'z^^r::.;;;.^r'''TVT^^'^^^^^'  -^-  ^-y  --t 

of  the  neurlr  p  m.        Th  "fi!. '"  "T""^  ^^'^^  the  direction 
blender.  quadranKU  ar  in  cro^        T^  ""'T^  '''''  ^^''^'^'^-^'v 
■on,  measured  from  the  ba  ^  oTthe'n  '"V"^'""^  '•^"  ">'"' 
centra  are  covered  these  nn^-!L  ""T^  ''""^'-      -^^  tlie 

same  manner  as  thos^ofT.  ^  r'  .Sr^Vh'  T^?"^  '"  ^'^^• 
post.)  is  about  ,0  mm  Th.  u-  ,  J^""  thickness  fant- 
anterior  edge  drau4  ouTto  a  shar^'ln  "^"^'^t  *^^^  ^^^ 
origin  and  this  feature  hernm  ^  ^''  "''^''  ^^^^  P*"'"*  of 
succeeding  vertebrae  Simn^v' th"'"  ^""!^"""-d  -  the 
pn-cess  gradually  assumed  a  iiechara.r''lT'«  '''^^'  ''^  ^^e 
mto  a  backwardly  directed  pv.       . '''^^^7'  ^^e  flange  merging 

spine.  These  o^^:::^^:^::'::'^ ^^^ ^^^ ^<!^r^ 

physes  respectively,  the  former  ZtM  ^-  u  '  P'^^zygopo- 
diapophyses  clecr/ase  in  "S  rmnT^o'  '^^  ^''^''''-  '^^'■ 
toiiomm.inthelastdorsafverteb;"     '     "'"•  '"  ^'^'  fi*"^^ 

^^y  a  t^tri^srir^t!  ir  ^ir'  ^^^^^^-  ^>'"-^ 

other  sacrals.     Its  transverse  nr^      ^  ''""""""  t"  ^ho 

of  the  ninth  sacral  ?nrsrarpTvHS '' '^^^^^^^ 
first  of  the  caudal  sjrkt    T  ITr  ''"'  ^'""^  ''^^t  of  the 

as  a  sacro-caudai  rm";;.  iZZTV'  ".f^  *''^  ■^'^'■■^^'^'- 
TlK.  rtrst  sacral  centrum  is  frml  fu'd"  '^1  '^'''"^'^'  -«-"• 
much  longer  than  the  last  d™ sal  but  r  '  '''°"f  ""^'  '^ 
transverse  pnx-ess      On   fh;  "''""^'  "^^  ''^'ar  no 

regard  it  as'a  dor^-sacrd  ''"""'  "''"^'  ^"^'^^-^  ^-'uM 

fift^ixlri;:^:;:^:::'::^-:  ^'-- «« mm.  ..g.  the 
sonu..hat  shoner  being  2::',:^::::^^'^^^^  '-^  ^-  -^ 

dorsals:    the  anteriortJn.f2eS^,-.^|^j;-^^ 
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Ia>t  two  arc  IhiU  iiackwanls,  jK-rhaps  by  pri-ssurr.  N<'ar 
the  point  of  <)ri^;in  the  anti-rior  vdgc  is  inriincd  downwanls 
and  thf  iH)stiri<.r  td^i'  upwards  risultinji  in  ill  di-fnu-d  pn- 
aiid  ix)stzyj.'o|Hiphys»s  tin-  former  of  which  sot-ni  to  overlap 
the  latter.  The  j)ostzyK'oiK)physis  of  the  first  vertebra  is 
more  pronounced  than  those  of  the  succeeding  sacrals.  hut 
the  arranj^ement  of  thi-  articular  surfaces,  if  such  exist,  is  not 
well  shown.  The  first  three  diapophyses  are  dose  together 
(30-40  mm.  interval) ;  the  fourth  t(  se\enth  are  alM)Ut  70  mm. 
apart;  the  eighth  and  ninth  are  U-nt  backward  and  crowded 
to^rcther.  The  extremities  of  the  first  four  diaiK)physes  are 
hidden  under  the  anterior  ramus  of  the  ilium  which  extends 
250  mm.  in  advance  of  the  first.  The  fifth  to  ninth  come  in 
contact  with  the  suixrior  margin  f)f  the  i>osterior  ramus  of 
the  ilium.  The  height  of  the  seventh  diajjophysis,  measured 
from  the  base  of  the  neural  spine,  is  160  mm. 

The  first  four  neural  spines  of  the  sacrum  are  cur\ed 
strongly  backwards  as  they  spring  from  the  arch  but  assumi- 
a  direction  nearly  at  riv;ht  angles  to  the  column  at  their 
extremities.  The  blade  is  broader  than  those  of  the  neigh- 
bouring dorsals,  averaging  about  90  mm.  The  length  along 
the  median  line  is  about  280  mm.  The  posterior  edge  of  the 
curved  part  of  each  of  these  spines  is  inclined  outwards  a. id 
is  continuous  with  the  similarly  inclined  posterior  edge  of  the 
diaix)physis:  this  results  in  an  overlapping  proximally  of  the 
posterior  by  the  anterior  s])ine. 

The  remaining  neural  spines  of  the  sacral  region  are  less 
curved, do  not  overlaj)  distinctly,  and  arenarrower  in  the  blade, 
not  exceeding  Ho  mm.  as  in  the  case  of  the  posterior  dorsals. 

Provisionally  the  structures  arising  from  the  sacral  centra 
for  the  supixirt  of  the  j)el\is  will  be  called  parapophyses  {vide 
postea).  -As  already  stated  the  first  sacral  bears  no  such 
structure;  that  of  the  second  rises  as  a  broad  plate  at  the 
extreme  anterior  edge  of  the  centrum  where  it  is  continuous 
with  the  lateral  fac«'  of  the  first  centrum.  This  process 
extends  back,  out,  and  down,  narrowing  towards  the  centre 
and  expanding  distally;  it  seems  to  be  (juite  separate  from 
he  diapophysis,  but  this  can  not  be  stated  with   certainty. 
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VlvRTKHHAr.    (  Ol  r\|v 

•''«-nm  a;i,;,;-;:,„:,':";,;;."",;,;:'  ;,',"•,'''':•'  -;■■■■," '» 'i--- 

•"""•i..r,.,l„..„f  ,|„.  ,.,■,„     „      ,    I  """■''  I*'"-  ■"   ««■ 

-•"  .I..-  .iia„„„„,j' :.":,,;:;;  '7,:'r,:,';,'''';h  ■ ^"' 

l)araiK)i)hys,s  unite  v.nfr    i  >.  "^    "•"Ktli.      I  hcsc    fw,, 

similar  t„  that  ,.f    h  •  thir     '  Tl  '".""■^'  '"■'•  '"""''•''''>' 

-stout   transNvrsc-  ,,     ,     nn  "   ■  T'""^^  '■^■'■^'■'"■•'  ''^■'"••'  a 

I>h^■  is.  a,ul  att  Xcl         th        ant.nor  ..l,.e  of  tlu-  .lia,K,- 

n-ghth  sac-ral  vertt-l.ra  r  "c.;  %  .''  ''''"'-'^•"hysi^  "f  tho 
the-  ccntrun,  as  a  r  i  rpl  m  11^  "r^  ""-'r"  "'^'^-  "^ 
Its  renoral  ix.siti-.n  is  X     i  .^'■''  '^''^'^'^^  ^'Utwanls. 

with  which  i  i  cotin  -ct  t ?  T'""'  V  '^''-  ^''"^Mx-Physis 
clistallvanclis  att^Xn  .^  r'^''^^^  "'  7«''^=  '"'  -^"-"^'^ 
ran^tts  <.  the  ilium!  whl::aT^^;;!;:--^;;f  «^r  I--'"- 
appears  oyer  the  suix-rior  margin  o^u^il^.^'iL!'^'  ^''^•^'^^^>- 

of  the  ^uccUn;;:.;:!^;-^-- -P-'^^i  th^  that 

Poi^yscs  of  the^^lenlll^sS^J/t^teb::::'  ""^'^^  •"^^^"^  '-- 
sicim.dt^"se;^:teT?M-^""'^"'^^>'^^'^   -^'   ^"    '-   ...n- 

from   the  d  aponhvsis  -mrl     K  ^^">"ra,  is  disa.niurtcc 

tinuous.  (),/  h  o  h  r  l^  ll;'^'"^^--^  ^"  !-  ^1-te  co„- 
"f  the  sixth  vertebra  L^emso  ha ve  rv"'""r '">^  ^^''"^''^"■^• 
""io"  Nvith  the  centrum  ''''■^'  ^'"^'"^'^  ^"^^"-^^1 

Seventeen  cauilal  vertebrae  are  nr<> -,>.-.     i   /t^- 
contra  gradual,,  decrea.  i„  L^^th^^^r^fl^'",,,' i,  .r,: 
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am'  ill  height,  nuasiirtfl  Inmi  thi-  \<iitral  siiif  nf  thi'  liast- 
f'f  thi-  traiisvirsc  prcccss  to  thf  \tiitral  aiUirior  t•(l^;(■.  fnun 
i(>5  mm.  tu  ,s,i  mm.  Tin-  total  luiKlit  <>l  the  ciiitra  is  not 
oliMrvahlf  for  tlir  wholf  strit-s,  l.ut  thf  tilth  is  i,v)  mm.  aiul 

tlu'  srvnith  aUjiit  H5  mm.  As  thi- 
U'ft  >i<l»'  is  Idiritd  in  thf  matri.\ 
tho  width  of  the  antra  ran  not  Ix- 
nifasurtd;  thf  tfnth  is  cstimatftl  to 
Im-  I  10  mm.  widf. 

I'hf  iransvfrsf  process  of  the 
first  caiuhil  vfrtfhra,  n^janlfd  as  a 
sacTo-caiithil,  is  a  stout  structurf  KM) 
mm.  Iouk;  't  is  arched  dorsally,  i.e., 
it  at  first  ascends  and  thi-n  dcscfiids. 
Thf  distal  c-nd  is  fxjjandfd  and  is 
(u)  mm.  wiilf  antfro-|Misteriorly;  it 
touches  the  t-xtreiiH'  jKJsterior  end 
f)f  the  iHum  and  almost  touches  the 
transviTse  process  of  the  last  sacral. 
On  account  of  the  risemi)lance  of 
this  process  to  that  of  the  preceding; 
vertebra  and  of  its  sharp  diffirentia- 
tion  from  that  of  th-  next  suc'-i-din^, 
the  xertibra  is  re^arckd  as  a  sacro- 
cau<lal. 

The  traiis\erse  processes  of  tlie 
remaining  caudals  are  slender,  curved,  somewhat  variable, 
spine-like  structures  flattened  dorso-\intrally.  They  arise 
from  the  superior  lateral  iin\i]c  of  the  centra,  in  the  i)r.i\imal 
vertii)rae  rather  far  forward,  but  in  the  distal  vi  rtebrae 
more  towards  the  jxtsterior.  IVoin  a  leni^th  of  90  mm.  on 
the  second  caudal,  these  ])ro(-i'sses  liecrease  j;nidually  in 
lenj.;th  to  a  mere  spur  of  five  millimetres  on  the  seven- 
teenth. 

The  neural  spines  of  the  caudal  vertebrae  curve  back- 
wards with  the  conca\ity  of  tiu'  cur\c  anterior.  The  length 
decnasis  from  ^lOO  mm.  in  thi'  third  to  2,V)  mm.  in  the  twelfth 
which  is  the  last  that  can  be  measured  with  certaintv.      The 


FIG.  .-> — KK'venth  and  twclith  cau- 
dal vcrlt'hraf.     Oni-  ri'ifilli  iiatur.tl 

n.s.,  tteural  sl'iHt:     Poz.  postzyaupo- 

fAvTfj,     il.    Iriinsivr.^t    prr-tss;    Pz. 

pTfz\n>!pi'pli\zn;    1-.  ikerron. 
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dorsal  rcj^'ions.  "Mrv,,,  ,„  ,|^.  ^.i-rvKai  and 

2.S  mm.  '''  '"   ^'"    ''"-K'st  chevron   i.  al„.ut 

^ix.h^;S  ::!:r;m:'^:r  l^^^^'^'^ '- '''  -•• 

l;'"Kc-st  chevron  nu-asurcs   ,f        ,"  "    t",*:;  ,'''';,""' '"'I  '-•"'' 
decreases  to  256  „„„.  i,.  the  eleventh.  '"'       ^''■"''"''">' 

SHOULDER  OlRDLE  AND  PoSE  LiMB 

-ri;o7;n!rth;':;i:r'';;fr '- 1'.^'-"-^"-  -^  ^^e 

essentially    the   sin  ^  ^      •  "'*  .'"""■^  "^   the   ton-   lin.l,  are 

S-adiLtri^^-c-thr^i;:::^ ''--••'!•• 

CA/wri/^r/o-  and   Iladrosaunis  r  .      'uinierus  as  i,, 

'""nrtnn,  an  a.u^na    7"  "^^^^  ^^''^'^   aaosaurns 

limb  are  one-fourth  jjr        '  vh  ^^  ''""*•'  "^  ^'^^"  f'"-^" 

s.M.TaMv  shorter                      '  '"•"'■''''  '''^'  -^^'ainda   is  0,,,- 

remarkal.Iv  s.rai.du   1  „i.     'ui  '    ternnnat..s  ahove  i„  a 

'''•-ription  is  incor         in  t   i-  r""'  '"'"^  "'  "^"  I-''"-'"arv 

almost  perfect  ou.h.u'  t'  '  '^J '■'^^•■"  'T'^'^  ''>  i'^'' 
■"axinum,  wi.Ith  of  the  hL  ■  ^  '^  '"''^''  '"'"'■•  '^le 
tin.  extrenu.  eri  Iro  m"  ""•  ?'?'  '^"^  ''"  '""^•^  '"-lou- 
gradually  narnj^  an,  i,  ts^;"  -''"''""'r''^  ^'^  '''a-k- 
af'-'t  .00  n,nu  from  th    a    tu  ,^:  ,^'"«  '^^  "'■"■--..  width 
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Iho  outer  face.  „f  tlu-  Ixmo   is  very   flat   i„    the   upper 
.  !"'•     ^;"   ,  ^l<---v-<ls   it     becomes    nu.re    co.nex.      The 
de-lwi       ''^^^''"^•^■^'ty    rauKH-s    foru-anl   an.l    becomes    a 
(lecided    prommetice    on    the    antero- 
cxternal  face  of  the  lower  part  of  the- 
bone.       About    90  nun.   from    the  ex- 
treme-    lower    t'licl    this  crest   falls  off 
rai)i{lly    liut    rises 
at>;ain     to     a    less 
extent     o\er     the 
articular      surface 
for    the    coracoid. 
The  margin  of  thi- 
crest  where  it  be- 
gins to  descend  is 
deflected     forward 
and  has  t  he  appear- 
ance of  an  articular 
surface.     It  has 
been    suggested 
that    this    surface 
was     ]K>ssibly      in 
contact      with      a 
clavicle;     on    this 
account  it   will  be 
called  the  cla\-icu- 
lar  crest. 

Between  this 
crest  and  the  jjos- 
tero-inferior  mar- 
gin of  the  bone 
where  it  swells  out 
to  form  the  glenoid 
cavity  is  a  dee]) 
"'""  (le]>ressioti.        The 

end  of  the  clavicular  crest  and  the 
sw.illen  margin  abo\-e  the  glenoid  ca\Ity 
are  almost  on  a  line  at  right  angles  to 


li— Left  srapiila.  PxtiTii.iI 
Miw.     One  eiulilh  luilural 

K-e..    Kleriiiiil    aivilx;     cor, 
tiriuuUr    muriate     'r.^     for- 


^le..    7 — Li'ft     scapula;    in- 
ternal. i>roximal.  and  lils- 
.il    views.         One   eiglitli 
natural  size. 
y.y  .     titfttuiii     cavity;      cdi 
uru.ular    iuriuit    hir    ,ot 
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the  axis  of  the  bone      TliJ    r 

extreme  eiul  of  the-  Ixuie.  '  "  '^''  '"  '""  '"'"•  a''"ve  the 

of  minhnur'- ;,.;;:;:;.  <;,'"'  s''  '^  ''■'■^'  '^^^  ^^'  ^'^^'  p-^ 

to  the  edKes    f  ,  ,,  artn  ul.,    ^^    ;:  ^'"'^^^  "'^  ^•-'"V  Kra.iuall v 

;-pancls.  The  anterior  e.^  "^  '  r'"'"' ^^^'"' '^ ''^'P'^'v 
Proximaily  it  merges  intott.  sJ  If ''-^  ^"^'^  '^'^-^  '^'■'^^p. 
-hK-h    is    -slightly 'hoihnv   a  ;U^^^^^^^^^  ^'-'-"ar  crest 

t;:e^^Srr'^^S-  -y';^^         -ie^ar  eavities; 

shghtly  inwards;  th,.  posterT.r  ,  r  'l  '  ,'^''^^^''  ^"''  '^"'^s 
^00  mm.  distal  to  the  antcT  .Tr  ^  ,d  l"'^^  'f '"^'  '"^  ^o  to 
dovynward.  "tenor  and  looks  almost  straight 

Thecoracflid  (Fig.  8) 
js   a   small   hut  fairly 
heavy    bone,   quite 
separate   from   the 
scapula  \vith  n-hich  it 
was   in    free  articular 
u»io;i    as    shown     l,v 
the  smooth  surfaces  of 
the   facettes    of    both 
bones.      The   coracoid 
may  be  resohed  into 
two   portions— an   ex- 
panded proximal  artic- 
ular region,  and  a  distal 
or  ant(Tior  Hange-like 
vertical   extension      'I'h 

a  -■^'^'-^^vxartia,Iar;acet;e';ortI^'""'7^  '"'•^'""  '--^ 
facette  for  ,he  humerus.  Tie  two  ' '''''"'='  '■*"''  a  concaxv 
a  deep  foraminal  notch  as  in   l  ?'"'''  ^"'^-  -'Parated  by 

f  ^  the  anin,al  has  evtv  a  '  c  ran     "V'^;''^  C.unPfosaunl 


KIG.  S_L,.|,  coracoid: 

Rc,  «;.«„;;y™i,,''"^'"''v"  natural  size.' 
arluuialion. 
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(lonts.     The  scapular  facette  looks  rather  more  inward  than 
that  for  the  humerus. 

The  vertical  expanded  portion  in  front  f)f  the  scapnlar 
facette  decreases  in  diameter,  at  first  gradually,  and  then 
more  rapidly  to  a  blunt  rounded  edge.  In  front  of  the  glenoid 
facette  the  decrease  in  diameter  is  more  rapid  at  first  and 
then  very  gradual  to  an  anterior  edge  which  is  thinner  and 
kjnger  than  that  in  front  of  the  scapular  facette.  These 
two  parts  of  the  anterior  edge  are,  not  in  line  with  each  other, 
but  the  upper  overlaps  the  lower  externally  thus  giving  the 
bone  a  twisted  appearance  when  viewed  from  in  front.  The 
lower  anterior  edge  shows  a  broad  sweeping  convex  curve 
downwards  to  a  prominent  point,  from  which  the  inferior 
margin  rises  in  a  concave  curve  to  the  edge  of  the  glenoid 
facette. 

The  inner  face  of  the  bone,  in  front  of  the  scapular  facette, 
is  comparatively  flat  and  slopes  gradually  forward  to  the 
upper  anterior  edge.  Owing  to  the  twisting  already  referred 
to,  the  upper  end  of  the  lower  anterior  edge  forms  a  prominent 
point  on  the  internal  aspect  of  the  Ixjne. 

The  figure  of  th  left  coracoid  which  accompanies  the 
preliminary'  description  shows  an  emargination  of  the  lower 
anterior  edge;  this  must  be  due  to  injury  as  the  better 
preserved  right  bone  shows  no  such  indentation. 

The  major  limb  bones  of  trachodont  dinosaurs  are  so 
much  alike  that  an  opportunity  for  detailed  comparison  is 
necessary  for  an  adequate  description .  The  table  of  measure- 
ments at  the  end  of  this  section  is  of  more  value  than  a 
detailed  account  of  the  bones. 

The  humerus  (Fig.  9)  was  badly  injured,  particularly  in 
the  region  of  the  radial  crest,  but  its  general  characteristics 
as  determined  from  both  bones  are  fairly  well  revealed. 
The  figure  gi\-en  by  Lambe  for  the  humerus  of  Slephanosaums 
nmrginalus  might  serve  to  illustrate  the  present  species 
except  for  some  details  of  measurement.' 

_  The  humerus   is  a  heavy  bone,  shaft-like   in   its  lower 
third.     Distally  this  shaft  expands  both  laterally  and  antero- 
'Coiitriliutions  to  Canadian  Palaeontology,  \'ol.  Ill,  Gcol.  Sur.  Can. 
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planes  of  flattening  are 

not  parallel  but  inclined 

towards  each  other  pos- 
teriorly. The  articular 
surface  of  the  inner  con- 
dyle IS  sub-rhomboidal 
'"  outline  and  that  of  the 
outer  sub-triangular. 

Above  the  constricted 
shaft    the   bone  expands 

'n  two  directions;  antero- 

externally  into  the  very 

prominent     radial     crest 

which  continues  upwards 

into  the  outer  tuberosity 

and    posteriorly    into    a 
ndge,     obliqn^N      trans- 
verse to  the  ,v-hich 
continues    u,  j^^^ 
the  inner  tuber  ,„ty.     On 
the    anterior    face    these 
two  expansions  are  separ- 
ated by  a  slightly  concave 
area  and  on  the  posterior 
'ace  by  an  intermediate 
convexity   which  rapidly  ,, 

expands  into  the  promin     "^ 
ent  head. 

A  proximal  view  shou-«  tu^  ''  °'' '"'"'  '■""'^•'' 

element,  inclined  s^";  baekri^Ind""'^^'  ^^  ^^^'  ''^^^-^ 
concavity  from  the  head    whioh  u'^P^''^'^''^^' f^>- ^  slight 

situated      The  inner  tuberosftv  is'in?^""',-^"^^  1-sterioHy 
ween  the  head  and  the  out' r  t  L    '"'^'™^d,ate  in  size  be- 
^rom  the  head  by  a  marked  depreSn."  "'  ''  ""^  ^^^^^^^d 
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mnabilis,    Uv.osauriis  amie:  ens,   Saurolophus,   or   Ilvpacro- 

Tht"  m^/«.  and  ///;,«  fFi^s.  lo,  1 1.  and  12)  show  no  striking 
eatures  to  d.stmg.nsh  thc.n  from  the  similar  bones  of  other 

to  tt '  f  ;.  u"  '''■'^^'''"-"  '''''^'^'  "^  '^''''  '^""^^^  ^^-ith  respect 
to  that  of  the  humerus  is  regarded  as  a  feature  of  generic 
value.  In  Kntosaurus,  the  ulna,  over  the  olecranon  process, 
IS  slightly  shorter  than  the  humerus  and  the 
radius  is  considerably  shorter.  This  relation- 
ship IS  observed  in  TrachodonandHadrosaurus, 
while  in  Saiirolophus  the  bones  are  of  equaj 
length,  and  in  Hypucrosauru:  the  radius  is 
much  the  longer  lx)ne. 

The  bones  of  the  two  sides  igree  closely 
in  detail  of  measurement  l)ut  there  is  con- 
siderable difference  in  the  amount  of  curva- 
ture. The  figures  are  based  on  the  straighter 
bones  of  the  left  side  but  the  more  perfect 
radius  of  the  right  side  has  been  used  for 
some  of  the  detail. 

The  ulna  is  a  shaft-like   bone  with   its 
hPlKI  minimum  girth  about   100  mm.  above  the 

mm  1  ''''  ^'"^'  ^^'^  "^^^  section  at  this  point  is 

sub-triangular  and  this  outline  becomes  more 
pronounced  as  the  bone  expands  distallv  to 
the  articular  surface.     Above  the  minimum 
girth  the  lx)ne  expands  in  three  directions- 
postero-internally  into  a  thin  and  prominent 
flange,    anteriorly    into    a    less   pronounced 
flange,  and  externally  into  a  heavy  ridge   or 
^_        continuation  of  the  shaft,  which  terminates 
"""aniVn^anTS   ^''°''':  ^^^  Proximal  articular  surface  in  the 
nr.unu""^'*''!!'    prominent  olecranon  process.     The  top  of  the 
o"'"U.,;nc;''t;J    "".^  ^^^  "•'^'-''^  '"*«  fhe  pronounced  con- 
"Jr  '^■"''"r^X   ""^^'^^  between  the  hrst  and  second  of  these 
expansions.     The  proxima'  articular  surface 
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pal; 
rarpal. 
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is  L-shapcdu-ith  the  olecranon  at 
the  angle  „f  the  L.     The  ch'stal 

,^,7,7'7^-^-- -almost  flat  and 
triangular   in   outline.     The    fl-jf 
tened  side  of  the  lx,ne  is  closely 

apphed  to  a  similar  flat  side  of  the 
radius.      On    the    posterior    side 
above  the  distal  end.  there  is  a 
slight   concavity  extending  some 
distance  up  the  ixjne. 

The  radius  is  a  simple,  shaft- 
^^ ,  ''T-  ^^"t'y  expanding  to- 
''^'^^  the  distal  end  and  more 
abruptly  towards  the  pro.ximal 
end.  The  articular  surface  for 
the  humerus  is  flat  and  ovoid  in 
outhne.  while  that  of  the  distal 

roldc;,.^"'-^""^^"'^^  -^   -- 

on  It  u'"'^''^'  ''■'^'■'^  -^^"nd  in 
each  limb.  The  larger  is  a  sub 
triangular  bone  with  a  greatest 
edge  of  about  40  mm.  ^In  th^ 
'eft  foot  ,t  lies  in  the  anterior 
FK^sition  between  the  ulna  and 
radius  and  is  more  closely  asso- 
aated   with   the  latter  wWch    is 

[wthl      r""   '''   ^'^^^'  -«"tact 
nth  the  ulna  to  receive  the  carpal. 

In  the  right  foot  the  bone  is  shifted 
to  a  posterior  position. 

do„bil'",T"*^'^^'^^''*''^''^'^"eof 
doubt  u!  shape,  apparently  irregu- 

n  r  '.'r-'^^"'  '"  ^^^"-^^'^  "void. 
In  Mh  instances  it  was  found,  a 
^short  distance  aboNv  the  articu la? 
surface,  in  the  hollow  on  the 
posteriorfaceof  the  ulna.  While 
the  carpal  could  scarcely  have 
occupied  this  position  in  life   the 
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Similarity  of  iw)siti<)n  in  tlu-  two  legs  secm^,  to  indicate  that 
m  each  instance  it  waj  pushed  a  little  upwards  and  that  it 
actually  occurred  in  the  posterior  position  at  the  distal  end 
of  the  ulna.  The  left  hone  is  28  mm.  and  the  right  only 
12  mm.  in  diameter.  All  four  carpal  bones  are  imperfectly 
ossihed  as  shown  by  the  tailure  of  distinct  surfaces. 

Both  front  feet  were  found  with 

the  palmar  surface  upwards.     Of  the 

left  foot  every  bone  was  intact  and 

practically  in  place;  of  the  right  foot 

the  ungual  of  the  second  digit  was 

about  twelve  inches  out  of  position 

aiul  the  second  phalan.x  of  the  same 

toe  was  not  recovered.     In  lx)th  feet 

'''[:rox!m7i'-lU:''o;e""LrtiT''  the  second  metacarpal,  together  with 

natural  s>ze.  j^^    phalanges,    was  drawn    slightly 

upwards   and   its   proximal   end   inflected   inwards   on    the 

palmar  side.     In  both  cases,  also,  the  fifth  digit  was  fle.xed 

towards  the  palmar  surface. 

The  manus  of  Trachodon  has  been  the  subject  of  some 
discussion.  Brown,  in  191 2,  reviewed  the  evidence  and  gave 
the  following  phalangeal  formula: 

Digit  II  with  three  phalanges,  the  third  a  hoof. 
Digit  HI  with  three  phalanges,  the  third  a  hoof. 
Digit  IV  with  three  phalanges,  no  hoof. 
Digit  V  with  three  phalanges,  no  hoof.' 
In    1913   Lambe  described   the  manus  of  a  trachodont 
from    the    Edmonton    fc^rmation   in   which   the   phalangeal 
formula  was  quite  ditTerent  from  that  given  by  Brown  for 
the  family: 

Digit  II  with  three  phalanges,  terminal  presumably  a  hoof. 
Digit  III  with  three  phalanges,  terminal  a  hoof. 
Digit  IV'  with  two  phalanges,  terminal  a  hoof. 
Digit  V  with  two  phalanges,  terminal  a  hoof.- 

'The  Osteology  of  the  Manus  in  the  family  TraclKjiluntidae,  Uarnuni  Brown, 
Hull.  .\n\.  Mus.  Nat.  Hist.,  \ol.  X.XXI,  .Art.  lo. 

=The  Manus  in  a  specimen  of  Trachotlon  from  the  Edmonton  formation  of 
-Xlliena.  Lawrence  M.  l.amlie,  Ottawa  Xaturallst,  \"oI.  XXX'II,  Xo,  2. 
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The  manus  of  Kritosaurus  (Plate  Y  and  F.V    r,^    iff 
from   both  the  ,nho,-o  -.„^     uJ        ,    ^ ,'^^  '^'K-  1.3)  differs 
formula  "  '"'"^  ^''^"'^  '^''  ^<'"'>"-ing  phalanjjeal 

dS      \?S^hrr  P.^f"^^^'^'  the  third  a  bkmt  hoof. 
i^igii  i\  with  thn>e  phalangc-s.  no  hoof. 

bone     '         "*''  '""■■  '^^^'^"«--  the  terminal  a  small  ovoid 

The  manus  of  Kritosaurus  is  comparatively  small      Tf, 

and  fourth  ...acaS^  i^.^^t,  l'  .rf?;"  hf ,?'? 
annectens.  ■         ■+  '-'''"  <*'  i-- 

Metacarpal    II   is    a    fairlv 
straight  bone,  slightly  swolk-n 
in    the   middle   and    but   little 
expanded  at  the  articular  ends 
The  external  side  is  flattened 
particularly  at  the  distal  end, 
and  IS  closely  applied    to   the 
internal  side  of  metacarpal  III, 
but  the  relationship  is  not  so 
intimateas  between  metacarpals 
III  and  I  V.I 

Metacarpal  III  is  a  con- 
siderably longer  and  heavier 
bone  with  a  slight  cwist,  and 
IS  but  little  expanded  towards 
the  ends.  The  external  side  is 
rtattened,  particularly  towards 
the  ends,  and  is  closely  applied 
to_  metacarpal  W.  Proximully 
this  flattening  causes  the  outer 
Snl^Ill^angle  to  appear  as  a 

'In  all  .lescriptions  of  the  liml,  bones  the  torn-  2„/.,„'7' 
-th  reference  to  the  axis  of  the  body,  not  of  thelit^t         '"' 


I     ! 


FIG.  IJ-Lrtt  .nanus.     One  fmirtl,  natural 


i  Fxtcrnal  are  used 


X^-j 
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sharp  rulKo.  Internally,  towards  the  palmar  side,  the  bore 
IS  similarly  f]att,.nr,l  to  f.t  r^^ainst  metacarpal  11.  B<,tl 
prox.mally  and  distally  the  ix,sterior  .side  is  elevated  into  a 
triangular  keel.  Both  articular  surfaces  are  sliRhtly  convex  • 
the  proximal  is  sub-triangular  and  the  distal  sub-quad- 
rangular. ' 

Metacarpal  IV  is  of  about  the  same  length  as  metacanial 

H  ana  is  flattened  on  its  inner  side  for  close  connection  with 

that    lx)ne       I  he    proximal   exi)ansion    is   greater    than    in 

metacarpal  III;    the  distal  expansion  is  much  lighter  than 

the  proximal  and  almost  at  right  angles  to  it  giving  the  bone 

a  decided  twist.     Fioth  articular  surfaces  are  slightly  convex 

Metacarpal  V  is  a  much  smaller  bone,  divergent,  and  with 

no  apparent  connectirm  with  its  neighbour.     The  proximal 

end  IS  greatly  expanded  with  an  elliptical,  concave  articular 

surface.     The  distal  end  is  smaller  with  an  oblique  and  convex 

articular  surface. 

The  phalanges  of  the  first  row  (Plate  V)  are  comparatively 
long  bones;  those  of  digits  f  I,  III,  and  IV  are  flat  to  slightly 
concave  proximally;  that  of  digit  V  is  convex.  The  distal 
ends  are  expanded,  with  articular  surfaces  of  much  greater 
extent  than  those  of  the  bones  apposed  to  them.  The  bones 
of  the  second  row  of  phalanges  are  very  much  smaller,  that 
ot  digit  \  being  much  the  longest.  Phalanges  11^  and  IIP 
are  small  and  distinctly  triangular  and  must  have  caused 

ZClU  '     '7'°"  i  '^'  ^"''^''-    ^^'^  has  suggested  the 
rathtr  ill-formed  specihc  name  of  Jncurvimanus.     One  tri- 
angular bone  of  this  kind,  similarly  placed  in  digit  II.  is 
described    by    Lambe    (op.    ciL).     Brown    states    that     hi 
phalanx   in  digits   III   and    IV   is  slightly   triangular.     His 
figure  shows  that  the  bone  in  digit  III  is  but  slightly  tri- 
angular  with    the   edge    inwards   as   in    Kritosaurus.     The 
triangular  aspect  is  more  pronounced  in  the  case  of  digit  IV 
but  the  thin  edge  is  here  on  the  outside.     In  both  these 
cases  the  proximal  articular  face  of  the  bone  is  as  largo  as  the 
apposed  sur  ace  of  the  first  phalanx;  in  Kritosaurus  the  bone 

ZTfZt         'u'r'''"^  ''"'>'  P^''^  ^^'^y  ^»"*'^^^  the  distal 
end  of  the  first  phalanx.     The  evidence  seems  to  sugges 
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, — langf 
somewhat  inequilateral  and 
inequilateral,  shorttT  hoof-     I\-3 

with  a  distal  surface  srnn.v     "  ""  '"'^"  ^^"^'"^'^'  '^-"^ 
phalanx  or  a  nail     V^-f""^',y.^^^^^^^  «till  another 

fi-.     A  fourth  phalanx  a  i^J  t  onlV  ^tI/7f,r^• '"'^"V^ 
>s  a  very  small  sub-spherical--.™.  ".'"  ^''  "^'^'^^    '^ 

In  the  following  table 


.        ;7«neach  dijjit:    II^s  a 
ix.inted  hoof;    III' is  a  broader. 


to  ovoid  bone. 


fo]lo»s:  •■  "'"^■enated  by  Roman  numirak  as 

Kritosaurus  incurvimanus. 

Trachodon  mirabilis I 

Claosaurus  annectens " 

Saurolophus  osborni ' " 

Corythosaurus  casuarius '^' 

Stcphanosaurus  marginatus  H  amU>'=V,J-'  •     ■  r ^ 

Hypacrosaurus  altispinus                    '  °"^'""'  ''^"^'^^^ VI 

In   the  case  of  Kritoiaurur  <■»,     c  .         ^" 

av.a.e.  „,  the  measu^trj,  .t  ^Z^oiZl^ :Z.  *" 


Scapula — 

I-ength 

Maximum  width  of  blade. .. 

Minimum  width  of  blade.  

Maximum  width  at  articular  end  ' 
Thickness  from  clavicular  crest  to 
inner  face 

Length  of  scapular  portion  of  glenoid 

cavity 

Width  of  same 

Facette  for  coracoid,  length 

Facette  for  coracoid,  width 


"iin. 

mm. 

mm.  mm.  imi. 

mm. 

mm 

776 

120 

900 

320 

**'o    970     J'90 
200    230     200 

21^ 

103 

110 

t>4 

80 

60 

irAr^- 


.'  ■«:•^-sL■*'^"  » 
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~ J "    '"     ' vi_\i_\i    Vll 

-Scpuhi—  """     """    '""'    """■  mm.  mill',  mm. 

Height     of    clavicular    cre«    from 
outer  face  of  bone 57 

Coracoid — 

Antcro-infcrior  (wint  to  upper  edge 

of  scapular  facette 3^     j 

Antero-infcricr  point  to  lower  edge 

of  Kicnoid  facette ,. 

Width  of  scapular  facette  parallel  to 

foraminal  notch g^ 

Height  of  scapular  facette  at  right 

angles  to  notch g. 

Depth  of  notch  from  inferior  edge 

of  scapular  facette ,, 

Width  of  glenoid  facette  parallel  to 

notch 

Height   of  glenoid  facette  a'  right 

""lea  to  notch -g 

T-    ^  "S8  of  lower  anterior  expan- 

Thickness  of  upper  anterior  expan- 

sions 

Thickness  in  front  of  notch jj 

Humerus — 

Total  length ,,„     ,, 

Breadth  at  lower  end  of  radial  crest   ,70  ^°'     '°°  ''^       ««" 

Circumference  of  shaft j,.     j,.  '^5 

Breadth    across    head    and    outer  **' 

tuberosity „ 

Breadth    across    heao    and    inner  '^ 

tuberosity ^ 

Breadth    across   inner   and    outer  '^° 

tuberosities ,g^ 

Breadthotinnercondyle  (ant.  post!)  82  '1' 

Breadth  of  outer  condyle  (ant.  post.)  80 

Transverse  width  of  inner  condyle.  so     100     t,o       «.  "^ 
Transverse  width  of  outer  condyle.  £                          ^^ 
Thickness  of  bone  between  'he  con- 
dyles  

Thickness  of  head -g 


I  *  ^ 


F"ORE   l.lMii 

Ihu  kness  ofinnir  tuUrosity 
Thickness  of  outer  tuhtro^ity  \\ 

Vina-  •* 

/•.riKth  over  olecranon  procfsg  ^.       , 

-Kthhcween  articular  en"  J'"    "**"     "«'     ^'3"  7o«     y,, 

t  ircuniference  of  shaft  5' 4 

^-eatest    wi.ith    across    coronoi.l  "'     ""     '"" 
process .     , 

fireatestwi,|,hofan,ero:,.,sterior     '"•*  «4S 

ixjiansion 

J^.atest.,iametcrof,iis,alen,J..:  7'  94 

Least  diameter  of  distal  end 5,  74 

Radius—  '  S7 

Total  length 

Circumference  at  mid.lle ?^^  ^'°     •♦•♦o    600              6„ 

T  icknes.sof,.oxi.,.a,e„d.ob.i,ue.y    '■'"     '"     '^  .«     ' 

in  and  back 

Thickness    of    proximal    end,   ol,:      "'^  86 

liquely  ,n  and  forward  . 

Thickness  of  distal  end,  obliquely         ^  54 

inand  back.  ^ 

Thicknc-ss  of  distal  end.  obliquely       ""  87 

"1  and  forwards 
,,  SO 

'^a«tt( —  50 

Matacarpal  II,  length ,g 

niaximum  diameter  '  ^     ^^°     '"^     '•♦5  J20 

proximal  end  ...       3^ 

maximum  diameter 
.,  distal  end.    .  „ 

Metacarpal  III,  length  '  ,"'1 

nta.ximum  <liameter  265 

proximal  end 
**  It         .  4y 

maximum  liiameter 
,,  distal  end...  j. 

Metacarpal  IV,  length...  '     J° 

M  ,,  225       110      21  ^ 

ma.ximum  diameter  280 

proximal  end  gg 

maximum  diameter  dis- 
'^l*^"'' 51 


^  Yfw..: 
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J:^^''ig:^Ii^JiJ^f*;y''!:^5»'Ts  or  Shqi  i.dri.  Cibw.k^nd  hnun  l.ixns -c»,< 

-^ '        "      III     l\  '    V       \l      vi^ 

,,  ,  ...    ,        ,  """    •""•■  "ini.  nun.  nun.   mm.  nun. 

m.uinnim    diauniiT 

proximal  ind  ^2 
ni'i'iiniiim   dianutir   rlis- 

lal  «nil        ...  -J. 

Phalanx  II',  Kntjth -5 

|)ri).\ini.il  tticltli     ^j 

"  <ii^tal  wi.lth       ^j 

Phalanx  IP,  length ,^ 

"  width    2t 

Phalanx  IP,  hnnth  ^,, 

proximal  diamulcr ■^- 

"  width  of  hoof ^, 

Phalanx  IIP,  length  ",, 

"  riroximal  diamuter 51 

•hst.d  iliaiiiftiT. ...  47 

Phalanx  IIIMcnRth           j, 

"    width , , 

Phalanx  II P.length ^^ 

pro.vimal  width  45 

width  of  hoof ^n 

I'halanx  IV',  kngth   ^^ 

proximal  diameter.  52 

distal  diameter   51 

Phalanx  IV,  length ,J^ 

"   width , , 

Phalanx  IV»,  length ",, 

"   width J, 

Phalanx  V,  length ,^, 

Phalanx  \^  length ^^ 

Phalanx  \'",  length \g 

Phalanx  \«,  length ,,, 

EiBs  AND  Sternal  Bones 

Cervical  ribs  (Figs.  3  and  4)  are  Iwrne  \,y  all  the  vertebrae 
of  the  ncd;  e.xcept  the  atlas;  they  are  cf  the  usual  double- 
headed  tyfK-  with  the  tuberculum  fused  to  the  postero- 
ventra!  side  of  the  diapuphysis  at  its  extremity,  and  with  the 
capitulum  similarly  and  more  completely  fused  to  the 
parapophysis. 


>£1C''' 


Kill. 


45 


lii' aln,„st  in  .„„.  |,1„„,,  '  """  ""^^  "■'"•  I'ran.lu, 

sharp  jKMnt  at  the  union  with  the  Anit  ,    I  u       .  " 

IH>int   is  continued   l>ackvvanls  as  a  ^SalK     r"      '•  J^^ 
rulge  on  the  face  of  the  ,>osterior  l.Lch    '""-    ^^'^ ^.n, 

»ho«stlrefolloMinK  cngths-  ,iMl,  -„  m,„  ■        """'"".i'- 
!%'l..h,54n,m.;  „h„l,^«n,m       ;;     "  i-jr"'';,;'";"'- 
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from  the  tubcrculum  these  branches  are  respectively  80  mm. 
and  120  mm.  in  length.  The  capitular  branches  are  pos- 
teriorly directed;  measured  as  in  the  case  of  the  previous 
set,  they  show  lengths  of  80  mm.  and  97  mm.  respectively. 

The  thirteenth  cervical  rib  is  a  very  much  stouter  bone 
resembling  the  first  dorsal  more  than  the  twelfth  cervical. 
It  is  at  least  240  mm.  long  but  its  extremity  is  hidden  under 
the  scapula  and  can  not  be  seen.  This  rib  is  considered  as 
belonging  to  the  cervical  series  because  the  capitular  branch 
is  well  out  of  contact  with  the  diapophysis,  and  because  the 
postzygopophysis  of  its  vertebra  is  distinctly  cervical  and 
not  dorsal  in  character.  There  is  little  doubt,  also,  that  both 
capitulum  and  tuberculum  are  firmly  fused  with  their 
supports. 

Dorsal  ribs  are  borne  by  all  the  vertebrae  of  the  series 
except  the  last.  The  tubercular  branch  is  very  short  with 
a  rounded  termination;  the  capitular  branch  is  very  stout 
and  is  in  fairly  close  contact  with  the  antero-ventral  side  of 
the  diapophysis.  In  no  case  can  the  manner  of  its  attach- 
ment to  the  parapophysis  be  seen,  but  with  the  greater  ribs, 
it  must  have  a  length  of  at  least  160  mm. 

The  ribs  are  thicker  and  with  a  rather  square  edge  on 
their  anterior  sides,  whereas  the  posterior  edge  is  thinner  and 
more  acute.  The  third  to  fifth  ribs  are  the  stoutest,  with 
a  maximum  width  of  38  mm. 

The  length  of  each  rib  is  indicated  in  the  following  table : 


Dorsal  rib  No. 


Length,  mm. 

659 
885 
861 
912 

930 

»87 


Dorsal  rib  No. 


8. 

9 

10. 
II . 
12. 
'3 
14 


Length,  mm. 
660-1- 
633 
532 

304+ 

304 

253 

321 


15  «7i 

Both  sternal  bones  (Fig.  14)  were  found  in  natural  position 
with  their  inferior  edges  in  contact.  Each  bone  consists  of  a 
laterally  compressed,  shaft-like,  upper  portion  and  a  broader, 
blade-like,  lower  part.     The  shaft,  gradually  thickening,  is 


FI 


doi 
of  1 
the 

sau 
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is  n 
som 


Pelvis  Girdle 

47 

continued  downwards  in  the  blade 
on  the  antcro-extcrior  face  of  which 
It  forms  a  distinct  ridge.     The  pos- 
terior part  of  the  blade  is  very  thin 
and   inch'nes   inwards;    therefore,   it 
IS   not   in    the  same   plane   as   the 
laterally    compressed    shaft.       The 
inner  fac<    is  flatter  than  the  outer 
in  the  shaft,  and  is  slightly  concave 
in    the   blade.     The  upper  free  end 
of  the  shaft  is  considerably  expanded 
particularly   on    the   external    side' 
The  whole  bone  is   slightly  curved 
laterally  and  its  anterior  margin  forms 
a  sweeping  concave  curve. 

MEASUREMENTS  OF  STERNAL  BONES 

I-eft    Right 

T  »  I  ,        .  "'"'■    mil- 
Total  length g 

Width  of  expanded  upper  end 88 

Minimum  width  of  shaft 3^ 

Maximum  thickness  of  shaft. .     .  jo 

FIG.    14-Left    sterna,    bone,   ex-    r^V   "'  ^^fu,'  ^'''^°"^' "  ''» 

ternal  view.    Ort  fourth  natural      '  niCKness  of  blade  at  anterior  ridge       ac 

'"*■  Thickness  of  posterior  part  of  blade        8 


348 
90 

41 

178 


Pklvic  Girdle  and  Hind  Limbs 

clnJf^t^  ^'""'^  girdle  (Fig.  15)  conforms  to  the  usual  tracho- 
dont  type  and  is  to  be  distinguished  chiefly  by  the  character 

tl ^ir^"^'"     7-^',  ^^"'■^  ""^  '^'  measurements  gfven  fn 
the  tables  require  httle  additional  description. 

Ihe  thum  has  the  same  general  aspect  as  that  of  Clao- 

saurus  annectens  figured  by  Marsh,'  or  that  of  Stephavosaurus 

Trachodon)  nnrgrnatus,  Lambe.^    The  preacetabular  por  on 

IS  much  narrower  than  the  posterior,  is  rather  tapering  and 

fomewhat  decurved.  with  a  thick  and  rounded  up^r  marghi 

'I6th  Ann.  Rep.,  U.S.  Geol.  Sur.,  Plate  LXXIII 

=Con.  Can.  Pal.,  Geol.  Sur.  Can.,  Vol.  Ill,  Pt.  II,  p.  76. 
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Above  the  .sch.ac  peduncle  the  superior  margin  of  the  bone 
folds  outwards  m  a  broad  shelf  which  is  separated  from  a 
considerable  rugose  area  above  the  peduncle  by  a  pronounced 
longitudma  groove.  The  posterior  blade-like  portion  reaches 
Its  greatest  length  near  the  inferior  border 


The  pubis  differs  from  that  of  other  trachodonts  in  that 
the   preacetabular  portion  or  prepubis   is  more  distincth 

dlstalLd'"  'r^^Tl  ^-Pr™^'  '""^''-'^^  section  Lndl 
distal  blade  of  which  the  inferior  and  superior  margins  are 

TaT  bu  'it'T^li.  •''''  "'.'^5  ^'  ^^^'  P'-^P^bis  is  ifi  tha" 
mnaMis  Its  anterior  end  is  less  rounded  than  in  the  case  of 
most  trachodont  pubes.  The  inferior  branch  for  union  with 
the  ischium  IS  slender  and  the  area  of  contact  small 

nrnv^m.li^°'fP"^''l-''  "^-^derately  long,  relatively  stout 
proximally,  but  thin  and  delicate  towards  the  extremitv 
where  it  is  shghtly  expanded.  The  pubic  not^h  bet^en 
the  postpubis  and  the  ischiac  branch  of  the  prepub  s  is  open 
and  without  any  sign  of  being  transformed  into^l  foJkmen"^ 
nnbl    it'    '""^  ",^  longer  and  more  robust  bone  than  the 

an      wi  h  r""'^'  '"''''T. ''  ^^*  ""'  ^"Sh^'y  ^""^■'"^^  externally 
and   Hith  a  pronounced   inward  direction  ventrally      This 
portion  bears  .  wide  surface  for  union  with  tlu   postace 
tabular  peduncle  of  the  ilium,  and  a  much  narrower  ar  a  for 

7Z:'1i   t,  •    P"'''^^^''^-  ^he  acetabuhun.     The  su;:r;or 
margin   of   this    ,)rox.maI    portion   curves   downwards    and 
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backwards  in  a  rnnn^tr..  ^ 

posterior  shaWike  sSior'Th^'r-  *""'""'>'  '"'"  ""^ 

s..-.h..  concave  ,™  rn^o/t -.iXKl:^  .^ 
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the  distinct  oljturator  process.  I'osterior  to  this  process  the 
inferior  margin  ra,  idly  approaches  the  superior  and  passes 
hkewise  into  the  shaft-like  portion. 

The  elongated  posterior  part  of  the  bone  is  flattened 
internally  and  is  in  contact  with  its  fellow,  almost,  if  not 
quite,  as  far  forward  as  the  obturator  process.  Externally 
It  shows  a  rather  sharp  ridge  a  little  ventral  to  the  midline. 
Ihe  distal  end  is  somewhat  swollen,  almost  entirely  on  the 
ventral  side. 

The  femur  (Figs.  i6  and  I7)  consists  of  a  comparatively 
light  shaft  and  extremities  so  expanded  that  the  bone  has  a 
clumsy  appearance.     On  the  internal  side  the  shaft  is  evenly 
rounded,  somewhat  contracted  towards  the  proximal  end, 
and  cur\-ed  distinctly  forwards  and  inwards  where  it  expands 
into  the  large  rounded  head.     As  the  left  femur  was  much 
injured  by  erosion  and  as  the  head  of  the  right  is  still  buried 
in  the  acetabulum  it  is  to  be  understood  that  the  ilimensions  and 
shape  of  the  head  as  shown  in  Fig.  i6  are  open  to  correction. 
Distally  the-  shaft,  seen  from  the  internal  side,  maintains 
a  fairly  constant  diameter  until  very  near  the  end  where  it 
suddenly  expands,  much  more  posteriorly  than  anteriorly 
into  the  very  large  inner  condyle.     This  structure  is  com- 
paratively flat   internally  and  shows  distinct  longitudinal 
fluting  near  the  rounded  articular  surface. 

The  external  side  of  the  shaft  is  less  rounded  and  more 
flattened  than  the  internal.  Proximally  there  is  a  wide  and 
thin  expansion  in  the  anterior  {xjsition  which  is  interpreted 
as  the  lesser  trochanter  although  some  authors  would  regard 
It  as  the  greater  trochanter.  This  flange-like  extension  con- 
tinues around  the  upper  external  face  of  the  bone  and  down- 
wards on  the  postero-external  side,  there  forming  the  greater 
trochanter.  The  two  trochanters,  therefore,  lie  almost  in 
a  plane  on  the  external  face  of  the  bone;  in  fact,  there  is  a 
slight  concavity  rather  than  a  convexity  between  them, 
but  It  must  be  admitted  that  pressure  may  have  affected 
the  parts  to  some  extent.  The  greater  trochanter  is  thicker 
than  the  lesser  and  fades  more  gradually  into  the  shaft 
internally.     The  proximal  flange  formed  by  the  union  of  the 


m:'ws^m.^^mt^^':i^m^  w^':^  ^ . 


I'm^^'^imtm^^:: 


inw  , 


Hind  Limb 
SV'^^:^n^"f-^^and  is  separated  fro.  ^ 

oute^cond^rwT^hl^i!:^!.^^^^^^^  ^^^'^"^  ''^^^"^  -^"  ^  '-^^ 
inner,  and;  like  t  is  Z  "f  J"  ^u'^r  ^"^  ^^ape  to  the 
deflection  of   he  p^'^tio™^^^^^  '  "'^d.     An  outward 

a  distinct  concavlTy'oTthertefnl' faT^  ^°"'^"^'  ^^"^"^^ 

Ihe  two  condyles  are  separated 
by  deep  anterior  and  posterior  de- 
pr-^ssions:  the  posterior  is  65  mm 
dtep  and  is  confired  to  the  overhang- 
jng  part  of  the  condyles;  the  anterior 
IS  really  deeper,  p^^haps  as  much  as 

85  mm.,  hut  as  it  is  excuNated  in  the  -^fc      "^a* 

distal  end  of  the  shaft  proper  and  runs  ,-,,   "'*^*— ^^ 

onvard  to  the  anterior  margin,  it  is        ^^<^^^^^'^^'- 

less     conspicuous     from     the    distnl      °^-  ""'"  "?''/■''■  ''^'  ■"""• 

anterior  sides  of  bo  h  ro^dS^  wflect.on  „„  the  outer.     Tlie 
tl>e  inner  and  outer  (aces    '  "'  """"''  "'  '"  ""^  «-  °' 

what  Wow  its  cente  O^^'  T  ^«.™"-.«  »  Point  some- 
accut^teiydeSrlSthis  t^oXm'e"  '"'"^  "  '^  ""'»=*'=  '° 

is  com^acS  Shell:  bufni*""^  ■'■^"  '"^  '-"-  '' 
The  proximal  exDansi„„P=„  ^ T"''  ''"Panded  at  lx>th  ends. 
distarisalmitTri  KgJ?:^SXe?-""  *'e  t,e 

=e^r^sterSr?-dS,r  '"""  '^^  -** 


I      ! 
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outer  face,  posterior  to  this  crest  is  i  u-ul,.  chnii        i 
backward  d,r..c,i„n.     Th.-  proxinJal  <.„,!  „f  ,hc  fil!„la  over 


FIG.   1 


■■> — A.   lofl  tibia,   intcrnni  vi 


I.e.,   inner  condxl, 


malUutus;  i.m..  inner  mullr< his.  •■m-.  outer 


fat'eraU„gr„,"S  60^"""^'"  "°"'"  '°™'  ""^  >»-- 


!l 


Hind  Limu 

The  large  proximal  expansion 
fades  mto  the  shaft  in  long , sueep- 

mgcu^,,„f,,hi,h  the  posterior 
^'^  the  more  concave.  The  dis- 
tal   expansion,    from    the   outer 

^--ewpomt.  shou-s  a  rather  sharp 

edge  running  down   to    the  ex 

trem.ty  of   the  elongated   outer 

malleolus. 

shows'^'tli"""'  "'•'"  "^  '^"^  bone 
^''"''^,  the  proximal  expansion 
as  a  fairly    flat   surface '^turned 

crest.    The  distal  expansion,  from 

thicker  and  considerably  shorter 
malleolus  than  the  outer 

Viewed  from  the  posterior  side 

he  distal  end  of  the  bone  shows 

the  longer  external  and  shorter 

■nternal  malleoli  separated  by  a 

-shallow  depression.     The  face  of 

a    rather    sharp    median    ridge 
,  '''^  slopes  away  gradually  L 
the  margms. 

anH?'-^*,"'''.^^'^-^9)isalong 

and  xery  slender  hone,  expanded 
pro„maIly  and  rather  less  dis- 
tally ;  the  two  expansions  are 
n<'t  quite  m  the  same  plane.  The 
proximal  end  is  convex  externallv 
and  concave  internally,  the  con- 

th"lfr"""^'^''^'^^^-^>-'°- 

striS ''^':lf "'  '^  ^^"^-^  -d  ^^^' 3sSS--°  - • 
t-;:.^hTh:lr^-----'  ^-  ^^^ere  it  comes  in  con- 
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FIG.  20 — Right  astragalus.     A,  external  view 
One  fourth  natural  size, 
p.  proximal;  d.  dislal;  am,  unlrricrr;   int.  inlrrnal. 


B,  distal  view. 


.r,P[  ^^^  '^'■s^'  bo"^'s  only  the  astragalus  (Fig.  20)  is  known 
1  his  IS  a  cap-hke  bone,  hollowed  praximally  to  fit  over  the 
inner  malleolus  of  the  tibia.     There  is  an  ascending  point  in 

front  which  fits  in 
between  the  two 
malleoli  and  a 
more  pronounced 
point  behind  the 
inner  malleolus. 
The  distal  surface 
is  well  rounded 
antero-posteriorly, 
and  is  slightly  con- 
cave laterally.  In- 
ternally the  surface  slofjes  up  to  a  rather  sharp  convex 
edKc;  externally  the  edge  is  thicker  with  a  distinct  articular 
surface  for  the  calcaneum. 

The  pes  (Figs.  21  and  22,  and  Plate  VI)  is  of  the  usual 
trachodout  type  and  presents  no  unique  features.  All  six 
metatarsal  bones  were  found,  but  a  few  of  the  phalanges 
were  missing.  Only  one  bone  was  unrepresented  in  either 
one  foot  or  the  other— the  first  phalanx  of  the  fourth  digit. 

The  metatarsals  are  all  stout  bones  expanded  at  both 
ends.  The  middle  bone  is  much  longer  and  heavier  than  the 
other  two  of  which  the  inner  is  the  lighter. 

Metatarsal  II  is  much  flattened  vertically  and  greatly 
expanded  in  this  direction  at  the  proximal  end.  The  internal 
face  is  rather  smoothly  convex  transversely  and  evenly 
concave  longitudinally.  The  external  face  is  quite  flat 
proximally  where  it  is  in  close  contact  with  metatarsal  III; 
distally,  it  diverges  and  is  more  irregular.  The  anterior 
edge  is  rather  sharp  and  runs  up  to  a  decided  point  about 
65  mm.  from  the  beginning  of  the  distal  articular  surface. 
The  posterior  edge  is  fairly  sharp  and  evenly  concave  long- 
itudinally. 

The  proximal  articular  surface  is  strikingly  fiat  and  is 
very  elongate  vertically  and  compressed  laterally.  The  dis- 
tal articular  surface  is  rhomboidal  in  outline  with  the  upper 
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and  lower  sitks  nf  rh*.  -k      u 

articular   fam  J  i     .troriv"'^  '"^''"^'^  ['"""  ^"^^  '"•     The 
transversely  below!  ^'^    ^""^^^    ^''"^•^-    ^"cl    conca^-e 

Metatarsal  III  is  mnrf,  ft,,,  u 
>•«  stout  and  shaMiCat  ^uTTl  ^""^'  "^  ^'^^  P^'^-'   ''t 
ends.     The  proximal  exnanS'^^  ^"'  ^'''^^"^^  ^^  I.oth 
base  internally  and  a  ^n.^  aoex^e;^''"",?'^^  ^^''^^  ^^  "^^ 
-PansK^s  quadrangular  tolS;:;..^- i^af  l^.^it!'*^"' 


natural  size.  "^ 

"•   "<■<"«/   metatarsal-     in    iki.j 
'n^'o'arsal;    W.  fourt'k  IVtatarZt 


natura   size. 
II.   Kcond   mrtato  ja/;     rii     ,t,,j 


Proximally  this  denresslon  rl  ^^  ^""^  '°^^''  margins. 
!'-omes  the  rounded  aZ  TZ  '"f  '•^'^^'"^^  "^^^'  -hich 
■nternal  face  is  ratherXt  a    th    ':}}'-'"^^Sular  head.     The 

*-V  a.ai..  X.  c^L-taT^-4-  -a.  .. 


56 


KRITOSAURCS   INCURVIMANtS 


The  distal  articular  surface  is  continued  well  up  on  the 
anterior  face;  it  is  convex  vertically  and  slightly  concave 
laterally.  The  proximal  articular  surface  is  flat  and  sub- 
(.riangular  in  outline. 

Metatarsal  IV  is  a  Ixme  of  very  irregular  shape,  flattened 
dorso-ventrally  in  the  shaft  and  expanded  at  both  ends. 
The  distal  expansion  is  sub-rhomlx)idal  .ind  concave  on  all 
four  sides;  the  internal  concavity  is  deep"st  and  sharpest 
causing  Mp-like  tuberosities  in  the  anterior  and  posterior 
positions.  The  external  and  .xisterior  concavities  are  shallow 
and  broad,  and  the  anterior  is  but  slightly  developed. 

Proximally  the  bone  expands  evenly  on  the  anterior, 
posterior,  and  external  sides  rising  to  a  rather  sharp  edge 
against  the  articular  surface.  Internally  it  is  strongly 
excavated  in  a  broad  hollow  which  fits  over  the  rounded 
apex  of  the  triangular  head  of  the  third  metatarsal.  The 
floor  of  this  hollow  run^  out  on  the  internal  side  of  the  bone 
into  a  conspicuous  roughened  point  a  little  above  mid- 
length. 

The  proximal  articular  surface  is  slightly  concave  and 
sub-triangular  to  sub-quadrate  in  outline.  The  base  of  the 
triangle  is  internal  and  concave;  the  apex  is  external  and 
very  broadly  rour  \ed.  The  distal  articular  surface  is 
rhomboidal  in  outline  with  concave  sides  it  is  strongly 
convex  dorso-ventrally  and  slightly  convex 

The  phalangeal  formula  is  the  same  a? 
of  the  Trachodont'dae  as  follows: 

Digit  II  with  three  phalanges,  the  third  a  hoof. 
Digit  III  with  fo'ji-  phalanges,  the  fourth  a  hoof. 
Digit  IV'  with  five  phalanges,  the  fifth  a  hoof. 

Plate  VT  and  the  table  of  measurements  require  no 
additional  description  in  the  case  of  these  small  bones. 


erally. 
other  members 


Pelvis  Girdle 

Ilium-  '"'"•  ">'^-  mm.    „,n,.  „,„,.  „„,.-;;;;;;; 

Total  length...  „,,,        , 

I'reaMaU,lar    border    to  '      '     '"^°+     "5°     '035  ,o6o 

ant.  end 

Width  at  pubic  peduncle:     ,m       ^  ■""  •♦■° 

Maxinuim  width  of  ant.  '''S  3ao(? 

ramus ^^ 

Average  width  of  posterior 

'''^''•= 117 

Pubis—  ' 

Total  length...  ,n,u 

Width  of  blade  of  pre-  '°      ^^°  '««      940 

pubi» , 

Minimum  width  of ■  pre:  ^'^      '°°  ""      ^7" 

pubis 

Length  of  prcpubis '     ,,g       ..„       ,.  'oo        92       lio 

Length  of  postpubis.  from  ^  '»5o      490      485 

"otch j^^ 

Width   of  distal   part  of 

postpubis J 

Minimum    thickness     of 

postpubis 

Widt  h  of  terminal  swelling      25 
Thickness  of  terminal 

swelling j^ 

Ischium — 

Length,     distal     end     to 
pubic  union ,ojg 

Length,  distal  end  to  iliac  '°^°  '°30  i,jo 

union ^^^ 

Across    iliac    and    pubic  ">50 

^.'''=^;'^ 240 

Distal   end   to  obturator  340 

process j^_ 

Width  at  obturator  pro- 
cess .... 
,  120 

l-ateral  thickness  of  distal 
_____swellmg ^^ 

'For  explanation  of  the  numbers  above  the  columns  see  page  41. 
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C<)MH.\h  ITIV         tEASt  RKMFA'Ts  (IF    I'KI.VIC  OlRDIK  AND  HiM)  I.IMBS— Cfiw/. 


I 


II  111 


IV 


VI       Vll 


Uch     m- 

>    n  r    I  ,!  icknesmif 

'     .t..l  ..v.ll  14 

Ml  .iini'ii     ;  rt     nithetwn 

it   'lia      III       nited   . 
Gi  :1     fit    |t         uo    (lisi    I 


iiiiii.    MUM.     MiMi.     Mini.     mm.     mm.     mm. 


(ij 


177 

15 


1 1 145  IIS"      I04<i     117(1     KiKo     ii«2 

1014  ii6g 

309  246 

292  300 


Femuf 

I  ,  ■  ,1-    II' 
|i  <  .ii',,ii  ' 
l.fng.  I.  ill  "T 

hf  I     ... 
Brcii   th      of     iipi  <  r     .  x- 

trtmity  . 

.^nu  ro-f)o»terior  dianuiii 

1.1  inner  (undylt 

Anti  ri>-[K)Steriiir  diameter 

of  outer  condyle 262 

Thickness  at  condyles 210 

Middle  of  inner  condyle 
to  tip  of  third  tro- 
chanter       504 

Thickness  of  shaft  lielow 

head (jO 

Tibia — 

Total  length 943     1020       870     1000     1000     1018     1080 

Width   of   proxiniul   exjian- 

^mr\ 326    350?       310 

Miniimini  diameter  of  shaft  87 
Widtl.  of  distal  expansion,  270 
Thickness  of  inner  condyle..  134 
Thickness  of  inmr  malleolus  88 
Thickness  of  outer  malleolus  1 10 
Fibula — 

I.enjfth 878       970       820       920       950 

Width   of   proximal   ex[)an- 

sion   153       190       ifKi 

Width  of  distal  expansion.  .      112       125        55 
Girt  h,  31X)  mm.  from  lower  end   1 43 
Girth.  300  mm.  from  upper 
end 193 


272 


337 


1000 


HiM)  l.iMn 

■ ^^l^^'^K'^XM^If.vo  I..M.,s_r„„/. 

^•*'''«-  """•^"^^^^^n.n,.     „„„.      ,„„,.      „„„      --^__ 

Thickness  of  i.r..NiniaI,.x|mn. 
sion 

Th,rkne«»o(,list..l,x,.,,,,sion       ;,! 
Astragalus—  ' 

WMth,  latcMl  ,^^, 

'ffiKth,  antm.-iHiMirior..         ^,'i 

•■rtati-st  thickiirss  ,. 

Afftalarsals—  ^^ 

Mtt.itarsil    II.  Irnijih  ^H,        yn, 

vtrticil   ilia-  '^^       ■""  350 

mcitr  dis- 

„       '■"''  «35 

transviTsc 

diameter 

distal  cn<l       -„       i  in 
vertical 
<lia  meter 
proximal 

t""'!- 166 

transverse 
diameter 
proximal 

end. ...  50       ,,„ 

Metatarsal  III,  length  ,fi,  9o 

vcrticaldia-  ^*         ^'^       •'**°  430 

meter  dis- 
tal end..       89 
transverse 
diameter 

vertical  '^ 

diameter 
proximal 
ii'l  165 

transverse 
diameter 
proximal 

,.       .^"'' 83-95      ISO       ,00       140 

minimum  ^ 

girth.      .     J32 
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COMPARATIVB  MeASI  RKMENTS  OF   PeI.VIC   GirDLE   AND    lIlM)   I.IMHS— O' 


lit. 


I 

II 

III 

IV 

\ 

\l 

\II 

mm. 

mm. 

mm 

mm. 

IllIM. 

mm. 

mm. 

Metatarsal  I\',   N.n^'tli 

27,N 

,^.^i> 

-75 

300 

,1^1' 

.34" 

*' 

"    vertical 

diameter 

distal    em 

>-9 

" 

"    transverse 

diameter 

distal  end 

So 

1 10 

ICO 

" 

"    o  b  1  i  (|  u  e 

diameter 

distal  end 

173 

14 

"    vertical 

diameter 

proximal 

end 

M2 

<» 

'    i.ansverse 

diameter 

I>roximal 

end 

N 

)-5 

100 

It 

"    minimum 
girth 

195 

I 

II 

III     IV 

V 

VI 

VII 

Plinlfitir'f^'^— 

mm. 

mm.  mm.   mm. 

mm. 

mm. 

mm. 

II'.  length.. 

130 

'30 

130     120 

140 

"     proxinia 

transverse  wiilt 

h.. 

no 

"     proxinia 

vertical  width. 

^2 

"     distal  vertical  width. . .  . 

55 

"     minimum  girth 

U)2 

IP,  length.. 

47 

70 

55      f«> 

45 

"   proximal  transverse  width... 

75 

"   distal  transverse  width. 

70 

"    proxinia 

vertical  width. 

5" 

"   distal  vertical  width.  .  .  . 

.i5 

"   pirth  at 

iiiddle 

*7.^ 

IP,  length.. 

^io 

Hi 

I  lo 

>^5 

"    proxinia 

transverse  width... 

S'* 

"    width  of  hoof 

5-'^ 

"    pro.\iniul 

vertical  width. 

44 

I    i 


HiXD  Limb 

~ — — -— — ^^IIKIjilliv^^ 

Ph^ilanges-  """•   mm.  n.ni.   mm.   mm,   mm.   mm 

III',  length 

"   proximal  transverse  width..'       JIo     '■*"     '^°     '^°     '^^ 
distal  transverse  width ...  , , , 

proximal  vertical  width...  at 

distal  vertical  width 

minimum  girth 262 

IlIMength 

;■   proximal  transverse  width.'. '       ,^0       ^      ^°      "*"      ^" 

distal  transverse  width ,  ,0 

proximal  vertical  width ...  eg 

distal  vertical  width  :„ 

45 

IlIMength 

_"   transverse  width..,....'.,."  ^,^      ^"      ■*"       "»"      ^5 

prox-mal  vertical  width. .  ,, 

"   disc,   vertical  width.  ,„ 

IlIMength... 

;;   proximal  transversa  .... ,1th.'...       76       '°°  '""     '""      ^° 

proximal  vertical  width  ,„ 

"   width  of  hoof ^* 

girth  above  hoof ,  .^ 

IV',  length.... 

„.,    .  ""      90       95     no 

IV',  length 

"   transverse  width...  ^,  !"      '*"       ^"      ^5       25 

vertical  width '' 

IV».  length 

"   transverse  width ,.,....  I        •'°       ^"       *-       ^'> 

vertical  width '° 

IV«,  length 

transverse  width....'  ^^      "^^       ^"       '5       1; 

"   vertical  width...  ,„ 

JV'.  length 

■'   proximal  transverse  width      '       ,,     '""      ^"     '"^      '^= 
proximal  vertical  width  ?? 

"   width  of  hoof 44 

"  Rirth  above  hoof,,,,, /l 
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Musculature 

The  ossified  tendons  of  muscles  so  characteristic  of  this 
type  of  dinosaur  are  preserved  in  unusual  perfection  along 
the  vertebral  column  from  the  fourth  dorsal  to  the  nine- 
teenth caudal  vertebra.  In  all,  93  muscles  were  observed; 
but  it  is  probable  that  this  number  would  be  increased,  even 
in  the  part  of  the  animal  preserved,  if  the  tendons  lost  or 
hidden  in  the  matrix  were  added. 

The  drawing,  Plate  I,  shows  with  reasonable  accuracy  the 
course  and  position  of  the  tendons  actually  observed,  with- 
out any  attempt  at  restoration.  The  necessity  of  leaving 
some  matrix  for  the  support  of  the  outer  muscles  and  some 
patches  of  skin  which  it  was  thought  advisable  to  retain  has 
interrupted  the  continuity  of  the  muscles  in  certain  cases. 

The  tendons  are  round  or  slightly  oval  in  the  major  part 
of  their  length,  and,  on  the  average,  are  about  7  mm.  in 
diameter;  they  become  thin  and  wide  towards  the  ex- 
tremities, in  some  cases  reaching  a  diameter  of  18  mm. 
While  these  flattened  extremities  are  in  some  cases  closely 
applied  to  the  neural  spines,  in  others  they  cease  a  little 
short  of  the  spine  to  which  they  belong.  It  is  likely  that  the 
actual  connection  was  effected  by  short  unossified  endings. 

The  muscles  are  arranged  in  three  major  divisions  which 

I^  propose  to  indicate  as  "sets";    the  sets  are  divisible  into 

"groups,"  and  in  one  instance  the  group  is  resolved  into 

"series."     The  anterior  ends  are  regarded  as  the  "origins," 

and  the  posterior  ends  as  the  "insertions."     D,  S,  and  C 

are  used  to  designate  dorsal,  sacral,  and  caudal  vertebrae 

respectively.     The  number  following  the  letter  indicates  the 

position  of  the  vertebra  in  the  series  to  which  it  belongs. 

In  the  following  tables  the  muscles  are  numbered  in  sets, 

thus  "III4"  is   the   fourth   muscle   of    the  third  set.     The 

second  column  in  the  tables  indicates  the  actual,  obser\-ed 

extent  of  the  tendon;   the  third  column  shows  the  probable 

extent  which  is  deduced  from  the  observed  ext(  nt  of  the  more 

perfect  tendons  of  the  group  in  question;    the  fourth  column 

shows  in  millimetres  the  length  of  the  part  actually  visible. 


Muscles 
muscles  of  set  i 
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neural  spines.     These  tendons  underlie  all  others  inrl  u-.Vh 
set  arc  of  medilT  g°h    those  TZ'IZ7'^" ■'"  ""= 

two'JJnel-I^ar^-Liw^^SrleSe^-arr't^*"'"" 
of  less  regular  developmenf  '*'""'"°''  ^"" 

Set  I,  Group  1,  Series  1. 

seri^^^l^L^S^tK^Un^-r^  '"  ^^^ 
to  a  patch  of  skin  which  cove  them  C  it'tT^'""! 
the  series  could,  with  equal  reason  Tn"  nil  !i  ?     u  "''°"  ""^ 


I  I 
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Kritosaurus  incurvimanus 


TENDONS  OF  SET  I.  GROUP  1.  SERIES  1 


No. 

Observed 

Probable 

Observed 

range 

true  range 

Icnjfih,  mm. 

Notes 

I    I 

D  4-.. 

D  4— Dio 

40 

Covered  distally 

I      2 

D  5-.. 

D  5— Dm 

3" 

1    3 

D  6—.. 

D  fr-Di2 

20 

" 

1    4 
I    5 

D  8—,. 
D  8— D14 

D  7-D13 
D  8— D14 

56() 

Broken  anteriorly 

I    6 
I    7 

D  9— D14 
Dig— D16 

D  9-D15 
Dio— Di6 

450 
570 

Broken  posteriorly 

1    8 

Dii— Si 

Dm— Si 

560 

1    9 

D12— S2 

D12— S2 

530 

I   10 

D13-S3 

D13-S3 

545 

I  II 

D14-S4 

D14-S4 

560 

I   12 

n.5-S5 

D1.S-S5 

f'25 

Mi^ht  go  to  Scries  2 

I 


Set  I,  Group  i,  Series  2. 

This  series  begins  with  some  very  long  members  which 
diverge  distally  from  those  of  Series  i  and  are  inserted  nearer 
to  the  bases  of  the  neural  spines.  The  posterior  members  of 
the  series  are  irregular,  shorter,  and  probably  not  inserted  on 
the  neural  spines  distally,  they  lie  between  some  of  the 
anterior  tendons  of  Group  2. 

TENDONS  OF  SET  I  ,  GROUP  1,  SERIES  2 


No. 


Obser\ed 
range 


Probable     Observed 
true  range  length,  mm. 


Notes 


I  13  D16— S7 

I  14  Si— Ci 

I  15  S7-C3 

I  16  C2— C; 


D16— S7 
Si— Ci 
S7-C3 
S9-C-7 


700 
870 

435 
350 


Inserted  on  transverse  process  of 
_. C7 


Set  I,  Group  2. 

This  group  of  tendons  begins  with  ^ome  very  small 
members  m  the  sacral  region;  the  origins  are  to  be  seen  but 
the  insertions  are  hidden  under  the  muscles  of  Set  II  The 
posterior  ir.uscles  are  hea%-ier,  but,  in  most  cases,  neither  the 
origin  or  insertion  is  clearly  seen. 


ar 
nc 
ne 
th 
ov 
to 
it 


'.-iTi ' 
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probabhty  present  they  are  include,,  ,'„  ,he  table   ml^g 


No  Observed 

' range 

i"«7  S3-S4 

1 18  S4— S5 

1 19  S4— S7 

I  20  S6— S7 

I  21  S6— S7 

I  22  S6— S7 

I  23  S8— C2 

'  24  C2— C3 

I  25  C3— C4 

I  26  C4— ... 

I  27  C5-... 

I  28  C6— ... 
I  29 

I  30  

I  31  C8-C10 

I  32  C8— C9 

I  33  

I  34  

I  35  


I  36         C13- 


TEXDONS  OF  .SET  I,  GROIP  2 


Probable 
true  range 


Length 


Notes 


Hidden  distally 
Hidden  distally 


300 


C12— C15 


I  All  hidden  anteriorly  under! 
I         muscles  of  Set  II  j 

Lost  entirely 
Lost  entirely 


Lost  entirely 

Lost  entirely 
The  broken  piece  on  C9  pro- 
bably represents  one  of  these 
lost  tendons. 


VUSCLES   OF   ;,ET   11 

This  set  includes  all  those  tendons  which  run  backwards 
and  upwards  to  insertions  on  the  sides  of  the  nenrars^nes 
near  heir  summits.  Such  insertion  is  observed  on  everv 
neural  spme  from  D7  to  C19  leading  to  the  conciusbn  that 

overthelo"  77  "^"'^'"'^  ^^"^'^P^^'  --  ^-  eah  "li- 
ner the  30  vertebrae  m  question.     The  anterior  ends  Lm 

o  be  less  regular  and  as  they  are  more  affected  by  d"stort7o^ 

■t  .s  difficult  to  state  their  exact  limits;    never thelesHt's 


I      ! 


m^'-': 


•/»■; 
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reasonably  ct-rtain  that  thi-  ()ri,u;ins  of  the  more  anterior 
members  are  on  the  transverse  processes  and  that  distally 
there  is  an  increasing  tendency  for  them  to  be  situated  on 
the  neural  si)ines.  In  no  case  was  a  musch-  sei-n  to  actually 
arise  from  a  trans\erse  process;  it  must  l»e  admitted,  there- 
fore, that  the  free  and  irrej^ular  anteri(.r  endings  may  be 
entinly  due  to  the  tendons  ha\iny  been  torn  away  from  a 
nonnal  f)rigin  near  the  base  of  the  neural  spines.  According 
to  the  Iocatif)n  of  the  origin  it  is  possible  to  divide  the  set 
into  seven  groups  to  which  may  be  added  an  eighth  to 
mclude  a  single  abnormal  tendon.  E.xcepting  this  one.  all 
the  tendons  are  e.Kternal  t(j  those  of  Set  [. 

Set  II,  Group  1. 

Xine  tendons  are  included  in  this  group;  they  are  all  to 
\n  seen  at  their  posteri<jr  t  nds,  but  only  in  the  case  of  the 
last  two  could  the  origin  be  made  out  with  ci-rtainty.  These 
extend  over  nine  spines  with  the  origin  apparently  on  the 
transverse  process.  The  assumption  of  a  similar  origin  and 
extent  for  the  first  seven  is  scarcely  justified  but  this  pro- 
cedure has  been  followed  in  making  the  table  below.  It  will 
be  obsen-ed  also  that  the  probable  insertion  is  given  in  each 
case  on  the  spine  posterior  to  the  observed  insertion;  this 
was  found  to  be  necessary  in  order  to  preser\'e  the  continuity 
of  the  group  and  it  is  thoroughly  justified  by  the  fact  tha't 
some  of  the  posterior  ends  actually  overhang  distally  the 
spines  to  which  direct  observation  would  credit  them. 

TFNDONS  OF  SET  11,  GROUF'  1 


No. 

Observed 

Probable 

Observed 

ranyje 

rariKe 

leriKth,  mm. 

Notes 

11  I 

— D6 

Di— D; 

400 

II  3 

-u- 

D2— D8 

400 

113 

— UH 

03-09 

400 

11  4 

-D9 

1)4— Dio 

300 

Il5 

D  5— Dio 

D5-Dit 

400 

11  6 

Dio— Dii 

D6— D12 

150 

11  7 

Dio— Di2 

D7-D13 

200 

Under  patch  of  skin 

II  8 

D  6— Di-, 

D6— D14 

775 

11  q 

D  7-D14 

Dr— Di.s 

6q() 

4'^'^'SaSM'fiWK 


Mlsclf.s 


(>7 


Set  II,  Grouf)  2. 


T'^'""N'  or  SKT  II.  (.Koii.  2 


Set  II,  Group  j. 

Ti:.\Df).\S  OF  SET  11.  GKOlp  ;j 


-No. 


')l>scrvi'(l  ranirt- 


M  II 
11  12 

"13 
II  14 

II 16 
II  17 

11 18 

11 19 

11 20 


Du-Si 
D12— Si 
D>3-S3 
B15-S4 

S3  -S5 
D16— S6 

Si— S6 

S2-S7 

S3-S8 

S5-S., 


Probal.k.  ,ruo  ranKo       (Jhsmv,!  ItnKth.mm. 


Uii— Si 
D12— S2 
I^'3-S3 
D14-S4 
IJ'5-S5 
D16— 56 
S1-S7 
S2— S8 
S3-S9 

S4-ri 


625 

505 
610 
450 

330 
636 

485 
460 

535 

4r<> 


Set  II,  Group  4. 

consequent  greater  length,  pS^ballHoot;     ""'"   "'''  ^ 


I    ' 


•if   'li'i; 
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ANX'S 


TE\D(;NS  OF  SET  II.  CROll'  4 


No. 


Observcc 
range 


Probable 
true  range 


Observed 
length,  mm. 


Notes 


II  ai  S4-C1 

II  22  S4-C3 

II  l^        S5-0 


S5-CJ 

S4-C3 
S5-C4 


775 
800 
720 


Evidently  longer 
Evidently  longer 


Set  II,  Group  j. 

The  tendons  of  this  group  diflFer  in  that  they  extend 
across  ten  spmes.  The  anterior  member  is  very  long  as  "ts 
ongm  is  low  down  on  the  broad  sacral  spine 


TENDONS  OF  SET  II,  GROUP  5 


No. 


Observed 
range 


Probable 
true  range 


Observed 
length,  mm. 


Notes 


II  24 

11  J5 
1126 


S5-C5 
S6— C6 
S7-C7 


S5-C5 
S6— C6 
S7-C7 


835 
735 
730 


Set  II,  Group  6. 

The  five  muslces  of  this  group  have  an  average  length  of 

til"','!!'  "'"^^"'^  ""y^'  "^"*^  'P'"^«-     They  differ  also  in 

that  they  are  approximately  parallel  and  close  together 
throughout  their  course;  in  consequent,  the  origins  are 
higher  up  on  the  spines.  The  last  member,  however  " 
separated  by  a  considerable  intcr\'al  from  the  rest. 


IS 


TENDONS  O^^  SET  II.  GROUP  6 


No. 

II  27 
11  28 
II  29 
II  30 
II  31 


Observed 
range 

C4-C8 
Ci— C9 
C2— Cio 
C.I— Cii 
C4— (  12 


Probable 
true  range 

S<j— C8 
Ci— C9 
C2— Cio 
^3—0 II 
{'4— C12 


Observed 
length,  mm. 

310 
660 
660 

645 
626 


Notes 


Ant.  hidden 


Mlscles 
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^et  II,  Group  7. 

those  of  the  previous  Rroun  Is  tl^  ^'^^^^^tly  situated  from 
with  the  orig^-ns  possi1i;"P„^^,;t  ^oTs^  £?  ^T-i^""  ^P'"- 
vertebrae.  AstheorieinL^ro  in  "^""^^-'ateral  sides  of  the 
well  be  that  the  unuS^T- '"  "*?  ^f «  *«"a"y  seen  it  may 
to  the  tendons  h"v.ngtS^'''""  "J  the  anterior  ends  is  due 
attachment  on  the   pLs  ^^  ^'°"^  ^  "^^-"^  ""'"n^al 


TENDONS  OF  SET  II,  GROUP  7 


II  34  C9-C14  C9-C,5 


600        Origin  well  in  on  arch 
5«o        Origin    farther   out    on 

arch 
4'"        Origin  still  farther  out 
_ "n  arch 

Set  II,  Group  8.  ' 

TENDONS  OF  SET  II.  GROUP  8 


MfSCLF.s   OF    SET  III 

if  any,  of  these  teado„rshw  L?h'"J  !'-'"^^?«'-     ^ew. 
«.«  to«u.us  ecu..,  „,e:52:  llt^^l^JZ^Zi 
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renders  their  oriK'inal  iK)sition  dilticult  u,  (k-termirn-  The 
set  IS  dmsible  into  three  Kn.i.ps:  an  ant.rior  group  associated 
with  the  transverse  pror.ssc-s  of  thi-  anteri(ir  dorsal  Nirtc-hrae 
a  second  Ktouj)  exii-nding  haekwards  from  the  transx.rse 
processes  of  the  i)osterior  dorsal  vertebrae  to  the  superior 
mar^Mn  of  the  ilium,  and  a  third  or  iK,sterior  group  arising 
either  from  the  end  of  the  ilium  (;r  from  transverse  processes 
m  the  vicinity  and  stretching  backwards  to  the  transverse 
processes  <if  the  caudal  vertebrae. 

Set  III,  Group  1, 

Five  muscles  were  obserAed  in  this  group;  they  run  from 
the  transverse  processes  backwards.  The  anterior  meml)ers 
are  inserted  on  their  respective  vertebrae  in  the  angle  at 
tne  hase  of  the  neural  spine,  thus  merging  into  tin- 
first  group  of  the  second  set.  The  posterior  memU-rs  are 
inserted  farther  out,  on  the  dorsal  aspect  of  the  \ertebrae 
or  well  in  on  the  transverse  processes.  While  rather  un- 
certain, on  accou..t  of  the  doubtful  insertions,  it  is  likely 
that  each  tendon  extends  across  six  vertebrae  inclusive,  with 


uii  ui  auoui  400  mm. 
TENDONS  OF  SET  III, 

GROUP  1 

No. 

Observed 

I'robable 

Obscrvef 

range 

true  crang 

length,  mm.                       ^"^""^^                               | 

nil 

D7— D12 

D7— D12 

390 

Origin  on  side  of  trans,  proc. 

III2 

D8— D13 

D8— D13 

460 

Insertion  on  neural  arch? 
Origin  near  tip  of  trans,  proc. 

1113 

Dg— D14 

D9— D14 

420 

Insertion  on  neural  arch? 
Origin  near  tip  of  trans.proc. 
Insertion  on  dorsal  side  of 

III4 

vertebra. 

Dm— D15 

Dio— D15 

370 

Origin  near  tip  of  trans,  proc. 

Insertion  on  dorsal  side  of 

\ertebra 

"Is 

Di2— D16 

Dii— D16 

370 

Originneartipof  trans,  proc.          1 
Insertion  on  base  of  trans.          1 
proc.                                                 1 

MtsCLEs 
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Set  III,  Group  2. 

^•xt^"!,";;;';^:;-;:-  "^  this  ^roup  ari..  „...  „u 

^•ertebrac^         ^  "  ''"""'  "^■^''  the-  f<,urth  and  fifth  sacral 


TKM)<>VW)..  SKT  III.  (.K(.l|.  , 


III  6 

III  7 

Ml  8 

III  9 

in  10 

III    M 


I)..,-. 

OI6-.S5 


'>M~S2  or  S? 
1>I,1— .S3  or  84 

I>'5-.S5 
I)l5-S5 

«'5-.S5 
Drr,— Ss 


41(1 
410 

3f>5 


Instrtfd  on  iliii„i 
liisirtcd  on  ilium 
'nwriid  on  ilium 
'fint.ith  otlKT.  at  insiriion 
on  ilium 


Set  III,  Group  j. 

verjl::^  aS;  lti:s.r;h^i;^""'"-?  ^-••^^-'>'  -  ^ 

^i^«'!>t.  The  general  course  hou'vcrT,^  "'  """'"  '"  ^--^'^^ 
ongm  on  the  posterior  lK,rder  of  fh  T  ^"T'tue  of  an 
transverse  processes  of    h.   .1   J  •       '''"'"  "*■  ^^"^  ""^  on  tfic- 

t^ndons  are^onHnd^n  ';  Eler'^hTnlh^'^^^'r^^  '''^ 
sets;  they  seem  to  havea  rinl  7       ^°^'^  "^  t*^^'  "ther 

TF.\nONSOF_SETlli.  GROlf  3 


Obsorved 
range 


IVoba  bit- 
true  range 


Ml    12 

111  ,3 
III  14 
III  ,5 
III  16 
III  17 


S9-C4 

S6— C6 
S7-C7 
S8— f8 
Ci— C9 


S4-C4 
S5-C5 
S6— C6 
S;-C7 

s«~cs 
CI-C9 


Observed 
It'ngth,  mm. 


Notes 


350 
400 
700 
6S0 
640 
600 


Anterior  end  lost 
Anterior  end  lost 
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In  addition  arc  two  tendons  which  do  not  fall  easily  into 
any  of  the  groups:  the  first  of  these  might  be  ascriU-d  to 
Set  III,  Group  t,.  and  the  second  to  Set  II.  Ooup  7. 
The  first  appears  in  the  matrix  outwards  from  the  neural 
spine  of  Ci  and  extends  to  about  half  way  up  the  neural 
spine  of  C5,  330  mm.  The  second  seems  to  arise  from  the 
transverse  process  of  C6  and  to  reach  the  neural  arch  of  C9, 
210  mm.     The  tendon  was  probably  much  longer  posteriorly. 

iNnocmMT 

Many  skeletons  of  trachodont  dinosaurs  are  accompanied 
by  impressions  which  accurately  portray  the  character  of  the 
epidermal  covering.  The  most  famous  of  these  discoveries 
is  the  "dinosaur  mummy,"  a  skeleton  of  Trachodon  anneclens 
in  which  the  greater  part  of  the  epidermal  structure  is  revealed. 
This  skeleton  has  been  described  in  detail  by  Dr.  Osl)orn.' 
Lambc,  also,  has  described  and  figured  a  number  of  skin 
impressions  from  the  Cretaceous  rocks  of  Alberta.* 

Regarding  Trachodon  annectens  Dr.  Osborn  states:  "Pro- 
perly speaking  the  skin  is  not  squamate,  or  imbricating,  as  in 
the  lizards,  but  ia  rather  tulxrculate.  .  .  .  In  all  parts  of  the 
the  body  where  the  impressions  are  preserved,  the  epidermis 
was  evidently  covered  with  a  pattern  composed  solely  of 
tubercles,  which  were  mainly  of  two  kinds:  (i)  Small, 
rounded  tubercles  =  ground  plan,  uniformly  distributed.  (2) 
Large  'pavement'  tubercles,  irregularly  pentagonal  in  out- 
line  =  raised  pattern,  diversely  distributed." 

Both  Osborne  and  Lambe  hold  the  opinion  that  thesi- 
epidermal  impressions  are  distinctive  for  each  species  and 
that  they  will  eventually  prove  of  the  greatest  service  in  thi' 
practical  identification  of  specimens. 

Impressions  of  the  skin  of  Kritosaurus  incurvimanus 
(Plate  VTI)  were  obser\ed  in  the  following  regions:  (i)  Cer- 
vical, (2)  Scapular,  (3)  Mid-rib,  (4)  Dorsal  spines  7  to  9, 
(5)  Dorsal  spines  14  to  17. 

'Integument    of    the    Iguanodont    Dinosaur    Trachodon,    Henry    FalrfieM 
Osborn,  Mem.,  Am.  Mus.  Nat.  Hist.,  New  Scries,  Vol.  1,  Part  H. 
•Ottawa  Naturalist,  Vol.  XXVH,  No.  10. 


iNTKiil  Micvr 


/,> 


area  no  trace  .f  ,>attc.rn  could  1„!  s.-  •  .  al  the  tt  be  rH '"1  '^'' 
"f  polygonal  outline,  somewh.u  Naria  I.  n  ^"''''^'^"^  ''*''"« 
t"  an  average  nurnl,er  of  Ce T  .  ,!''  T  ""^''''''^ 
metres.     These  ininns.w.n    u    x        ,  ''"^''^  "^  '^'"  '"'H'- 

c-xp<.sc.thec:^^i;a7;"rrh^^^^^^^^^  '■ '"  "'•"■"'■'•''  '■"  -<'••'•  t'. 
scapuia^hrrthnitir'^'r  ^^  ^^'r'r  '"'^-•-^^^^  -^  the 

are  unifonnly'smarK.  oc  ..r;  "?"";'  '''"""  ''"'  ^he  tulK-rcles 
space  of  ten  nWmn;et;c;  '  '"  ''"  '''"''^"-''  "^  ^-"-  -  the 

^i.Hmetre/ln"diJ!:irr.tti:Z  ,,,f  ;;^:..'::, -^'^r    ^ 

arrangement.  AtltT^ils  va;!^'  "  "'  ""^  "'"  ^^  ^"^'"^^^ 
sub-conical  elevation/^  -^  ^  ^'''"'  "^^  to  60  mm.  occur 
pattern  of  OsC^"  mneHir^''  "'•"•  ^'^  '^  mm.    (Raised 

little  cone  is  made  up"? :u'ur  tttve  c "  "'  ^""'"^  '^^h^" 
ronverKe  to  a  rn..n,l    1      ^'^'"t  twelve  convex  sections  which 

vmebra1S;I',„"'ni'„'^'^h""  ""■■  "?"'  ^P'"-  "'  »""^> 

"f  which  is  veS  lite  ,hT    ,Fr'"'"^  '""■''  ""■'  8'-'"'"<'  Pl"" 
'l^criW  al»™      Hero  h  "  "T  ""'"''"■  *"•«!  "-■«'">" 

<l.  vcl„pS  Xh  'aro  ri,t?'      ,  f"*"  ''"""''  «™«'"-^»  arc- 
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Along  the  median  line  of  the  back  are  conspicuous  dermal 
elevations  comparable  in  structure  to  the  raised  elements  in 
the  patches  of  skin  already  described;  they  are,  however,  of 
such  great  size  as  to  assume  the  character  of  special  dermal 
callosities.  Two  of  these  structures,  and  part  of  a  third,  are 
preserved,  indicating  that  a  row  of  them  extended  along  the 
back,  at  least  in  the  dorsal  region. 

The  best-preserv  ed  callosity  is  situated  above  the  fifteenth 
and  sixteenth  dorsal  spines;  it  is  125  mm.  long,  60  mm.  high, 
and  probably  50  or  60  mm.  thick.  From  its  posterior  edge 
to  the  similar  edge  of  the  next  callosity  distal  to  it  is  210  mm. 
indicating  that  there  is  no  relation  between  the  callosities 
and  the  spines.  The  ordinary  skin  continues  across  the 
median  line  of  the  back  between  the  callosities  but  it  termin- 
ates against  the  base  of  the  callosity  in  a  sharply  defined, 
infolded  line. 

These  peculiar  elevations  resemble  low,  laterally  com- 
pressed cones  with  the  apex  posterior  to  the  middle.  The 
sides  of  the  cones  are  vertically  fluted  in  a  manner  to  suggest 
that  the  flutings  represent  elongated  tubercles  of  about  the 
same  diameter  as  those  of  'V.  neighbouring  skin.  Towards 
the  apex  the  flutings  mer^  cuto  a  tuberculate  surface  not 
unlike  that  of  the  ground  plan. 
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i-'-  >n.  parasphenoid:  Pi.  fostfrontal;  Pre.  I  and  I'rf.  prefrontal:  Pm,  premaxilla:  Pre,  sp 
l>rest>hennijl-     PI    fH    n„i,,i.,i  >,....,.■„.,   ..f  *,<-_ .■  j      ..  ■     .       ,,.  ...        •     r>     n. 
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Plate  V. — Kritosauris    inxirvimants.      Dissociated  phalanges  of  left 
manus;  Figure   1,  anterior  view;  Figure  2,  posterior  view.      One-third  natural 

size. 
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